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(57) ABSTRACT 

The invention is a novel method and apparatus for control- 
ling the flow of traffic between a host digital terminal (HDT) 
and a plurality of optical network units (ONUs). Each ONU 
is connected to the HDT by optical fiber and lo a plurality 
of subscribers by a respective plurality of subscriber drops 
(typically pre-existing copper twisted pairs). The bandwidth 
on the fiber, although large, is usually inferior to the total 
bandwidth that can be transmitted across the subscriber 
drops. Therefore, both upstream and downstream traffic may 
become congested at various "choke points" under certain 
circumstances of usage. Ordinarily, the data is buffered at the 
choke points, leading to the installation of large queues 
within each ONU. This solution is not only expensive, but 
is inadequate since the required queue size is dependent on 
the maximum transaction size, which has no hard upper 
bound. In contrast, the present invention provides a traffic 
shaper located in the HDT, which gives centralized control 
of the traffic flowing to and from the ONUs. Consideration 
of the priority and destination of each traffic cell is taken into 
account by the traffic shaper to ensure that the capacity of the 
fiber and of the individual drops is never exceeded, irre- 
spective of the transaction sizes, thereby eliminating the 
need for costly buffers in the outside plant. Any maintenance 
or repairs of the traffic shaper can be easily effected without 
field visits, due to its centralized location. 

38 Claims, 10 Drawing Sheets 
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METHOD AND APPARATUS FOR TRAFFIC 
SHAPING IN A BROADBAND FIBER-BASED 
ACCESS SYSTEM 

FIELD OF THE INVENTION 

The present invention relates to broadband communica- 
tion networks, and particularly to a method and apparatus for 
controlling traffic flow through the network in order to 
minimize the cost of buffering data in outside-plant compo- 
nents. 

BACKGROUND OF THE INVENTION 

In order to enable the delivery of broadband services by 
present and future fiber-based data transport systems, optical 
fiber is being extended deeper into the network, having led 
to the deployment of optical network units (ONUs) to a point 
within several hundred (or a few thousand) feel of the end 
user. The ONUs each serve a plurality of subscribers and 
communicate via a fiber optic feeder cable with a host digital 
terminal (HDT) that is usually placed in a central office 
location and is connected to the remainder of the network. 
The relatively short drop length between the ONUs and the 
individual subscribers reduces frequency-dependent signal 
losses on the residual copper twisted pairs and allows the 
transmittal of high-bandwidth data across these drops to and 
from the subscribers. 

In a packet switched or cell switched network (such as 
ATM), packets or cells travel along virtual circuits (VCs) 
established between communicating entities, such as sub- 
scribers or file servers. Typically, there are three main 
classes of traffic that can be delivered to a subscriber, namely 
broadcast (BC), continuous bit rate (CBR) and unspecified 
bit rate (UBR). 

For the case of BC traffic, a plurality of BC channels (such 
as television channels) are transmitted along the fiber lead- 
ing from the HDT to the ONUs, each occupying a constant 
bandwidth irresepective of the number of subscribers actu- 
ally using that channel at a given time. At each ONU, the BC 
channels being subscribed to by a subscriber are replicated 
and carried to the subscriber by respective "bearers" of 
traffic occupying one BC channel's worth bandwidth on the 
drop. Therefore, during peak viewing times, the total BC 
drop bandwidth delivered to all the subscribers connected to 
an ONU (or to a group of ONUs) far exceeds the bandwidth 
taken up by BC traffic on the fiber feeder. 

A CBR service (such as a telephone call) occupies a 
negotiated, constant and guaranteed bandwidth on the fiber 
feeder and drop cable for each individual VC that is set up, 
and therefore the total bandwidth taken up by a CBR service 
on both the feeder and the drop directly is dependent on the 
number of subscribers using CBR services at a given time 
and on the number of CBR services used by each subscriber. 
VCs for carrying CBR traffic are usually only set up if there 
is bandwidth available on both the feeder and the drop, after 
having met the bandwidth requirements of BC traffic. 

Finally, UBR is considered the lowest priority traffic, and 
is often the cheapest available service, from the subscriber's 
point of view. Since UBR does not guarantee a bit rate, it is 
more often discussed in the context of a service rather than 
a circuit. Typically, UBR is used to transmit files and other 
non-u'me-critical data. UBR services occupy respective por- 
tions of the residual bandwidth on both the feeder and the 
drop, allocated after all BC and CBR circuits have been set 
up. The residual bandwidth is shared among the total num- 
ber of requested UBR services, which is a function of time 

Designers of broadband access systems must be careful lo 
consider traffic congestion encountered at so-called "choke 
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points", i.e., parts of the network at which the output 
bandwidth capacity is less than the total input bandwidth 
capacity. For example, in the downstream (network-to- 
subscriber) direction, it is typically the" case that more 
bandwidth is available on the fiber feeder between the HDT 
and the ONUs than what can be supplied to any one 
subscriber over a copper drop. Therefore, a large file transfer 
from a file server or similar source in the external network 
may be propagated to the ONU serving the recipient sub- 
scriber at close to the maximum capacity of the fiber feeder 
to that ONU, but cannot be delivered at this rate to the 
subscriber, due to the lower bandwidth capacity of the 
subscriber's copper drop. The excess delivery rale into the 
ONU from the fiber, relative to the capacity of the copper 
drop will result in the ONU becoming overloaded with data. 

Moreover, the total number of subscribers multiplied by 
the (relatively low) available bandwidth per copper loop 
may exceed the total bandwidth capacity of the fiber feeder 
in both the upstream or downstream directions. This sce- 
nario is particularly harmful when each customer establishes 
a CBR connection, and can ultimately lead to the delay or 
loss of ATM cells and a degraded quality of service (QoS). 

In the prior art, congestion is commonly treated by 
placing a buffer (or "queue") of a fixed, predetermined size 
in both directions for every subscriber line card at the ONU. 
The main goal of this approach is to provide enough 
buffering margin or traffic buffer capacity so that a transient 
peak bandwidth demand (in either direction) results in the 
excess instantaneous data rate from the summation of all the 
services flowing through the choke points in question being 
temporarily stored in the buffers and emptied at (he available 
rate. 

The colocation of queues in the ONU is done in the hope 
that there is enough room in the buffer to handle the surplus 
of incoming data until there is either an increase in available 
output bandwidth or a decrease in the total input bandwidth 
across the summation of services. Neither one of these 
conditions is met during a prolonged excessive bandwidth 
request, and any fixed queue size is liable to overflow and 
cause loss of data. Although by increasing the buffer size, a 
longer bandwidth peak can be accommodated, the required 
buffer size is proportional to the maximum possible trans- 
action size, which has been found lo be continually on the 
rise. Deciding on a particular size instantly limits the effec- 
tiveness of the buffer for handling peak bandwidth demands 
in the future. Clearly, prior art solutions involving buffers are 
only temporary fixes for avoiding loss of data due to 
congestion at choke points. 

It is useful to consider a concrete example illustrating the 
difficulties with the current state of the art, in which the 
available downstream and upstream bandwidths are respec- 
tively 600 and 155 Megabits per second (Mbps). 
Furthermore, let there be 8 ONUs (each serving 24 sub- 
scriber lines) connected to the same fiber in a passive optical 
network (PON). Thus, if a subscriber is demanding a 
4 -Megabyte file transfer during a period of low overall 
system usage, then the entire downstream bandwidth capac- 
ity of 600 Mbps is available, and the file arrives at the ONU 
within 52 ms. 

However, the maximum transmission rale per line (i.e., 
per subscriber loop) is typically on the order of 20 Mbps 
downstream and 2 Mbps upstream. Thus, in the same 52 ms 
time period, only 130 kilobytes of the original 4-Megabyte 
file can be delivered to the subscriber from the ONU choke 
point. The residual 3.87 Megabytes must be buffered in the 
ONU's downstream path for that subscriber so as to be 
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delivered over the next 1.55 seconds. In general, ninety- and on the source drops; and allowing the transmittal of 

seven percent (i.e., (600-20)/600) of the file to be trans- upstream data only if there is sufficient upstream bandwidth 

ferred must be stored at the ONU. Clearly, a serious disad- on the fiber and on the source drops. 

vantage is that the amount of memory to be installed in the The present invention can be used in an access system 

ONU on a per-subscriber basis is a function of maximum file 5 comprising a host digital terminal (HDT) connected by 

size (nowadays in the order of several dozen megabytes), optical fiber to a plurality of optical network units (ONUs), 

which leads to large, expensive, power-hungry and unreli- each ONU being connected to a respective plurality of 

able components that in turn present the service provider subscribers by a respective plurality of subscriber drops, the 

with high maintenance costs. invention being summarized as a traffic shaper for transmit- 

. f ii u u ,. in 'ins an output stream of traffic cells from the HDT to the 

In another scenario, if all subscribers would simulta- 10 u u « V 

, *"imji_ ji ... i subscribers, the traffic shaper comprising: contro means for 

neously use the available 2 Mbps data rate to transmit data . . . ,. . , ' .. & , „. , , 

. . i .u ,u . . i i • l determining the bandwidth available on the fiber and on the 

to their respective line cards, then the total demanded . ., b , i * r ,! . 

... t , , . ... CL , , . subscriber drops; and remapping means for contro lab v 

instantaneous upstream bandwidth on the fiber would be , . . , v & e _ „ y 

*>a o -yoA mu • . i ui ice \*u .u reordering and releasing an input stream of traffic ce Is in 

2x24x8*384 Mbps, against an available 155 Mbps on the . & . . . . * . . . r .... . ^ L , 

fiu c , I, t j . - c r i fcj l . c ,c accordance with the bandwidth available on the fiber and on 

fiber feeder. An upstream data transfer of l Megabyte for 15 .... , . , . f , ' 

u . v . , ., , a ■ f 3 . the subscriber drops, thereby to form the output stream of 

each subscriber would require the buffering of approxi- i ra ffj c ce n s 

mately 600 kilobytes in the upstream path of each line card * . 

ineveryONU.Again,therequiredsi Z eofthebuffermemorv ™ c invcn ' 10n ma V be summarized in accordance with 

is dependent on the maximum file (or transaction) size, in ar *> ther broad as P ccl as a host dl S ,lal luminal, comprising: 

this case being 60% of the maximum file size. Clearly, it is 20 * "ret plurality of optoelectronic converters for exchanging 

always possible to envisage an extended peak bandwidth "PStream and downstream traffic cells with a core network 

demand that floods the buffer of any given size, which can via °P t!CaI h f ber; a d'g*»l switch matrix connected to the first 

potentially lead to the entire transaction being obliterated. P luraht y of optoelectronic converters, for routing the 

„ r c . _ . ,. . , , upstream and downstream traffic cells to and from the core 

The performance of prior an systems * further limited by ne(work jn accordancc with a contr0 „ abIc routi an 

an unwelcome dependency on traffic characteristics. For - HDT control processor connected to the digital switch 

instance, a large, simple butter in each line card may be • , „ rtn , m ir„ „ ^ ,• m f . ,? . . ._ 

r • ,, . , . . matrix tor controlling the routine map of the digital switch 

adequate lor stonne cells that provide a sine e service but „ , • i i , »- u . .• r r . . . 

1 ... h - t . F j _. L j-o- • matrix; a plurality ot base stations for formatting the down- 
not lor multiple services per line card, due to the dmenng . , «- n ■ , . . . r ° . . 
. - v ■ ™- • . stream traffic cells into downstream subframes comprising a 

priorities of those services. This requires a more complex * . t • • • f , £. 

I „ ( , - . M , _{;._. control channel containing control information and a traffic 

buffer structure, which further complicates the ONU. chaDne , comajni lne downslream lraffic ^ for 

Furthermore, even more complex queues are required when formaUi ueam subframes received from lhe 0NUs 

attempting to manage the buffering of different traffic classes ,-.. t ^ m) l i , * . , 

f / & f • , & ^, . - , into upstream traffic cells; a second plurality of optoelec- 

formine part of a single cell stream. Thus, it is only a .^^v^,,,,.^^^^^ • ur .u .u ^v r , , 

, . & . r n , ? _ .. . . • . • • tronic converters For exchanging subframes with the ONUs; 

substantially complex buffer which can pass high-priority . n #rafl - ,.u.^. k . ,u ^- . i J 

• I . , j • u j« u . *. r, . -/ 35 and a traffic shaper connected between the digital switch 

da a that ts sandwiched between two runs of low- pr ,or,t y ^ and , he |uralj of 0pl0eleclr0nic 6 c0nverteiSi 

data. Clearly, traffic shaping queues which control the delay for controlli lne lransmission of downstream traffic cells, 

of packets, as well as peak and average bandwidth, dramati- ,.u„« a ■ , , f , . . . 

„ ... . • . • . t- cc the traffic shaper comprising control means for determining 

cally amplify system cost and are still not immune to buffer t . ^ u n „j„, -j.il ,„«-t^ui^ .u au j .u l. - l 

overflow bandwidth available on the fiber and on the subscriber 

40 drops, and remapping means for controllably reordering and 

SUMMARY OF THE INVENTION releasing an input stream of downstream trafEc cells 

received from the digital switch matrix in accordance with 

It is the object of the invention to obviate or mitigate one the bandwidth available on the fiber and on the subscriber 

or more disadvantages of the prior art. drops, thereby to form an output stream of downstream 

Therefore, the present invention may be broadly summa- 45 traffic cells delivered to a corresponding one of the second 

rized as a method of downstream data transmission for use plurality of base stations. 

in an access system comprising a host digital terminal According to yet another broad aspect, the invention may 

(HDT) connected by optical fiber to a plurality of optical be summarized as an access system comprising: a host 

network units (ONUs), each ONU being connected to a digital terminal (HDT) for connection to a core network; and 

respective plurality of subscribers by a respective plurality 50 a plurality of optical network units (ONUs) connected by 

of subscriber drops, the method comprising: determining optical fiber to the HDT, each ONU being connectable to a 

which drops from among the subscriber drops the down- respective plurality of subscribers by a respective plurality 

stream data is destined for, said drops being dest? nation of subscriber drops; wherein the HDT comprises a traffic 

drops; determining the downstream bandwidth available on shaper for transmitting an output data stream from the HDT 

the fiber and on the destination drops; and transmitting the 55 to the subscribers, the traffic shaper comprising control 

downstream data only if there is sufficient downstream means for determining the bandwidth available on the fiber 

bandwidth on the fiber and on the destination drops. and on the subscriber drops; and remapping means for 

The invention may be summarized according to a second controllably reordering and releasing an input stream of 

broad aspect as a method of transmitting upstream data, for traffic cells in accordancc with the bandwidth available on 

use in an access system comprising a host digital terminal 60 the fiber and on the subscriber drops, thereby to form the 

(HDT) connected by optical fiber to a plurality of optical output data stream. 

network units (ONUs), each ONU being connected to a According to still another broad aspect, the invention may 

respective plurality of subscribers by a respective plurality be summarized as an access system, comprising: a plurality 

of subscriber drops, the method comprising: determining of optical network units (ONUs), each ONU being connect- 

which drops from among the subscriber drops intend to 65 able to a respective plurality of subscribers by a respective 

transmit upstream data, said drops being source drops; plurality of subscriber drops; and a host digital terminal 

determining the upstream bandwidth available on lhe fiber (HDT) connected by optical fiber to the ONUs and being 
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connectable to a core network, for relaying downstream data FIG. 2 shows an asynchronous-transfer-mode cell; 
from the core network to the ONUs and for relaying nG 3 ^ a high-level block diagram of an access sub- 
upstream data from the ONUs to the core network; wherem sylem comprising an HDT and an ONU in accordance with 
the HDT comprises a first plurality of optoelectronic con- , he m invemion; 
verters for exchanging upstream and downstream traffic 5 . 

cells with a core network via oplical fiber; a digital switch FIG. 4 is a block diagram of a traffic shaper for use in the 

matrix connected to the first plurality of optoelectronic HDT of lhc inventive network of FIG. 3; 

converters, for routing the upstream and downstream traffic FIG. 5 shows how broadband traffic is shaped by the 

cells to and from the core network in accordance with a traffic shaper of FIG. 4; 

controllable routing map; an HDT control processor con- ]Q FIG 6 depicts lhe downstream frame structure emitted by 

nected to the digital switch matrix for controlling the routing tne p0N base staljon in the HDT of the inven , ive nelwor k; 

map of the digital switch matrix; a plurality of base stations -.^ „ .„ , 

for formatting the downstream traffic cells into downstream . FIG 7 lhe operation of the ONU demultiplexer 

subframes comprising a control channel containing control S iven an example service and traffic mix; and 

information and a traffic channel containing the downstream FIG. 8 shows how upstream bursts are transmitted by the 

traffic cells, and for formatting upstream subframes received 15 ONU multiplexer, 
from the ONUs into upstream traffic cells; a second plurality 

of optoelectronic converters for exchanging subframes with DESCRIPTION OF THE PRIOR ART 

the ONUs; and a traffic shaper connected between the digital i n order to appreciate the benefitsof the present invention, 

switch matrix and the second plurality of optoelectronic j t [ s useful to first provide an overview of the structure and 

converters, for controlling the transmission of downstream 20 fu ncl i on 0 f a conventional prior art svstem. 

traffic cells, the traffic shaper comprising control means for Acccss to a fiber . bascd communications network is typi- 

determimng the bandwidth available on the fiber and on the ca| , providcd by an access sys(em rLsi an HDT 

subscriber drops, and remapping means for controllably joined by fiber Qptic cabJe (a fiber fee(kr) {Q a Qf 

reordering and releasing an input stream of downstream 0NUs either b formi individual , fespective 

traffic cells received from the digital switch matrix in 25 poinl links or in a network topology such as a synchronous 

accordance with the bandwidth available on the fiber and on oplical network (S0 NE^ ring or a PON. Illustrated in FIG. 

the subscriber drops, thereby to form an output stream of { is an 0NU j conncc(cd t0 an HD T 2 in a PON, wherein 

downstream traffic cells delivered to a corresponding one of a strand of fiber 47 from , he HDT i& ^ ated b a ive 

the second plurality of base stations; and wherein each ONU oplica , spHuer (mH shown) imo a Qumber of fibef um £ nica|s 

comprises an optoelectronic converter connected to the 3D 3^ ^ c leading to each ONU (of which only one is shown), 

optical fiber joining that ONU to the HDT; an out station Separale fibers can be used for transporling tical lraffic in 

connected to the optoelectronic converter for formatting the the downstream and upstream directions, although bidirec- 

downstream subframes arriving from (he HDT into a stream |iona| lraffic can be carfied b a s{ |e fiber . wave _ 

of intermittent downstream traffic cells and for formatting a lenglh division multiplexing, 

stream of upstream traffic cells arriving from the corre- 35 ~. r * << 

spending subscriber drops into upstream subframes; a Tht ° NU 1 genCr f y ^P"** components for trans- 
. .. » t j # -i , , t - r , . porting downstream data, including a receiver 12 for con- 
demultiplexer connected to the out station means for deter- i , * . , - , 

mining which drop among the subscriber drops connected to T"/* ° P " Cal * \\ m *!\ Rbel "^b'l.cal 38a to a d.g.ta! 

that ONU each downstream traffic cell is destined for; a ^T,?" *' \^, S ,hr °"S h ^ownstream 

plurality of line cards connected to the demultiplexer, each « PON-oubbiiod (PON-OS) 11 followed by a demulnplexer 

[. j • • , . , a; , . -i 6. A number of demultiplexed sicnal lines 25 eave the 

line card comprising a downstream buffer for temporarily . ... , . v , * , ,. 

1 1 • • r lL it^t demultiplexer 6 and enter respective broadband hne cards 

storing the downstream traffic cells a rnvine from the HDT /ni 0 v r , ... . „ . v c ., ^«u» 

interface means for interfacing to the associated subscriber (BLCs) V^7o \ f with customer-premises 
drop, an upstream buffer for storing the upstream traffic cells C (CPE > 99 m l0 °P S ° f tW1Sled P air dr0 P S 3 " 
arriving from the subscriber drop; a multiplexer connected 45 The ONU 1 also comprises an ONU control processor 5, 
to the line cards, for combining the traffic cells arriving on wmch rcccive « downstream control data by virtue of being 
each of the line cards into the stream of upstream traffic connected to the downstream PON-OS 11. and is also 
cells; and a anti-jitter buffer having a corresponding lenglh connected to the demultiplexer 6 over whose routing map it 
connected between the multiplexer and the out station for cxer,s controK Tnc 0NU contrc>1 Processor 5 farther pro- 
temporarily storing the stream of upstream traffic cells prior 50 Vldes a Q ouuo\ line 29 to the BLCs. 
tp transmission by the ONU. Within each BLC 4, the downstream signal line 25 enters 
The present invention provides simple and substantially a demultiplexer 24 which separates incoming traffic accord- 
identical ONUs, each with a plurality of simple and sub- in S t0 ,raffic cla ss, storing any as yet undelivered data inside 
stantially identical line cards. Since the bit rates of the respective queues 27. The output rate of each queue is 
services provided to the subscriber are known at the HDT, it 55 conirollcd by a queue control block 28 receiving instructions 
is the HDT which will ensure that the data flowing to and 00 conlro1 linc 29 ^ data 0Ut P ul b Y thc <l ueuc s 27 is 
from individual subscribers is always guaranteed not to remultiplcxed into a sequence reflecting the traffic priority 
exceed the available bandwidth at the various choke points, 0- e - high-priority first) by a controllable multiplexer 23 and 
irrespective of the actual transaction sizes or number of scnt !° Ihc CPE 99 10 an appropriate formal by a broadband 
services flowing through each drop. The bulk of the access 60 h y bnd 19 aflcr firsl P assin g trough a digital modem 22 and 
system's memory requirements are concentrated in a cen- a tran smitter driver 21, both under control of the ONU 
tralized location, thereby liminating maintenance and contro1 Processor 5 through control line 29. 
replacement costs in case of failure. Jn th e reverse direction, the hybrid 19 of each BLC 4 

nDinn nncrDmnnv nu-ruc noAu/.Mrc provides a digital upstream signal to a queue structure 31 via 

BRIEF DESCRIPIION OF THE DRAWINGS 65 a recejver 35 and a djgila , modem ^ ^ Qf which are 

FIG. 1 is a high-level block diagram of a prior art access controlled by the ONU control processor 5 via control line 

subsystem; 29. Depending upon the nature of the upstream data path 
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properties, the queue structure 31 may either resemble that 
formed by the demultiplexer 24, queues 27 and multiplexer 
23, or it may be a single, very long buffer, under control of 
the queue control block 28. The output 30 of the queue 
structure 31 of each BLC 4 is fed to a multiplexer 7, which 5 
produces a data stream 17 destined for the HDT 2. 

The data stream 17 passes through an upstream buffer 8, 
and subsequently through an upstream PON-OS 9 and an 
optical transmitter 10 on its way towards the HDT 2 along 
fiber umbilical 38a. The multiplexer 7 and upstream PON- 10 
OS 9 are controlled by respective signals from the ONU 
control processor 5. 

The HDT 2 interfaces with the optical fiber 47 by means 
of a respective one of a plurality of optoelectronic trans- 
ceivers 45. To each transceiver 45 is connected a PON base 15 
station (PON-BS) 40 which regulates the allocation of 
downstream bandwidth across all ONUs in a PON. A 
significant element of the HDT is a digital switch matrix 44, 
typically a high speed ATM switch fabric, which is con- 
nected to each PON-BS 40 by an upstream path 42 and a 20 
downstream path 41. A queue 43 is usually installed in the 
downstream path between the switch matrix 44 and each 
PON-BS 40 to temporarily store excess downstream data 
from the switch matrix 44 until it can be accommodated by 
the bandwidth of the PON-BS 40. 25 

The switch matrix 44 exchanges data with an outside 
"core" network 51 by another plurality of optoelectronic 
transceivers 50 and respective buffers 43a leading from the 
switch matrix 44. Also connected to the switch matrix 44 are 3Q 
a signalling processor 55, a control processor 56 and an 
operation, administration and maintenance (OAM) proces- 
sor 57. Control, provisioning and maintenance instructions 
and responses are communicated by a control line 58 linking 
the OAM processor 57 to elements in the management layer 35 
of the core network 51. 

During operation of the prior art system, data flow gen- 
erally consists of groups of ATM cells travelling in either 
direction through the HDT 2 and ONU 1. The upstream and 
downstream paths have differing traffic and timing charac- 40 
teristics and can be considered separately. In the downstream 
direction, data from the core network 51 entering the HDT 
through transceivers 50 may require reformatting of the 
signalling information associated with each circuit by the 
signalling processor 55 in order to map the network-side 45 
signalling protocols to the access-side signalling protocols, 
thereby to provide the switch matrix 44 with streams of 
appropriately formatted ATM cells. As seen in FIG. 2, an 
ATM cell 200 possesses a five-byte header 201, identifying 
a virtual circuit and/or virtual port (VC/VP), and a 48-byte 50 
payload 202. Without loss of generality, the subsequent 
description is simplified by considering only the information 
carried by the VC. For a downstream ATM cell entering the 
switch matrix 44, the VC implicitly identifies not only a 
destination BLC, but also a class of service (BC, CBR or 55 
UBR). It is not unusual for multiple VCs and multiple 
classes of service to be established with the same BLC. 

If the normal practice of over-provisioning the switch 
fabric capacity is followed, then the switch matrix 44 is 
lightly loaded, i.e., it is fast enough to route all incoming 60 
ATM cells as soon as they arrive, a plausible assumption in 
today's era of 10 Gigabit-per-second (Gbps) switches. Thus, 
the switch matrix 44 routes each cell towards the ONU 
corresponding to the BLC associated with the VC/VP speci- 
fied in the header of that cell. The actual mapping of VC/VP 65 
to physical location of BLC is specified by the control 
processor 53. 
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Considering the cells destined for the ONU 1, they share 
the link 41 to the PON-BS 40 with cells destined for other 
ONUs on the same PON. If the data from the switch matrix 
44 arrives faster than it can be handled by the PON-BS 40, 
then the excess data is buffered in the corresponding queue 
43. The data stream output by the PON-BS 40 consists of 
ATM cells grouped into "subframes" according to their 
destination ONU, along with address data and control 
information, which arc then fed to the transceiver 45. 
Usually, the subframes destined for different ONUs are 
concatenated by the PON-BS 40 and form a complete 
"frame" of 125 microseconds (which is compatible with 
existing synchronous switched networks). 

Further downstream at the ONU 1, the frames are con- 
verted into electronic format by the receiver 12 and fed to 
the PON-OS 13, which has the responsibility of (a) selecting 
only the subframes destined for that ONU and disregarding 
the rest; (b) extracting the control information from the 
incoming stream and sending it to the ONU control proces- 
sor 5; and (c) sending the remaining ATM cells to the 
demultiplexer 6. The control information may comprise, for 
example, the VC/VP-to-BLC mapping for control of the 
demultiplexer 6, which accordingly routes the cells to the 
appropriate BLC 4. Since it is assumed that the capacity of 
each demultiplexer port is such that the full input bandwidth 
from the PON could, if necessary, be accommodated by any 
port, the ONU control processor 5 does not control the 
output data rate of the demultiplexer 6. 

At the BLC, the incoming ATM cells 25 are then sepa- 
rated according to VC and/or service class by the demulti- 
plexer 24 and inserted into a corresponding queue 27. While 
(he demultiplexer 6 per se can be implemented such that it 
is not a choke point, the downstream bandwidih constraints 
of the BLCs 4 lead to the requirement of buffering within 
queues 27. The rate at which the queues 27 are emptied is 
controlled by the queue control block 28, which typically 
bases its decisions on a service class hierarchy, releasing any 
buffered BC and CBR traffic before sending any UBR traffic. 
Upon exiting the parallel queues 27, the cells are reas- 
sembled by the multiplexer 23 into a cell stream that is 
formatted by the modem 22 and sent to the CPE 99 through 
the transmitter driver 21, hybrid 19 and copper drop 3. 

Considering now the upstream direction, data transmitted 
from the CPE 99 is converted into a digital stream 32 of 
ATM cells by the modem 33 after passing through the hybrid 
19 and the receiver 35. The stream 32 passes through the 
queue structure 31 on its way to the multiplexer 7, where 
data streams from several BLCs are combined into a single 
data stream 17. As previously discussed, the queue structure 
31 within each BLC 4 may be a simple ATM cell buffer or 
may be similar to the combination of the demultiplexer 24, 
queues 27 and multiplexer 23 present in the downstream 
path. 

Before being converted into an optical signal by the 
transmitter 10, the stream 17 of ATM cells is arranged into 
subframes and transmitted by the upstream PON-OS 9 at a 
rate that is controlled by the ONU control processor 5. The 
buffer 8 stores excess ATM cells that cannot be sent imme- 
diately upon arrival at the upstream PON-OS 9. (Such buffer 
was not required in the downstream path, as it was assumed 
that the output ports of demultiplexer 6 could handle the full 
PON bandwidth.) The ONU control processor 5 also man- 
ages the queue structure 31, and receives subscriber- 
generated control information detected by the multiplexer 7. 

Since many ONUs share the same fiber 47, a mechanism 
for coordinating the transmission of upstream data from 
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each ONU 1 is required, so as to avoid the data "burst" of plurality of ONUs 59 (only one of which is shown) in a PON 

one ONU overwriting that of another. Accordingly, the ONU configuration. A SONET ring or a plurality of individual 

control processor 5 interprets timing information based on point-to-point links can also be used to interconnect the 

control information in the subframes arriving downstream ONUs and HDT. Without loss of generality, it can be 

from the PON-BS. This timing information is generated by 5 assumed that a bidirectional optical fiber feeder 47 connects 

a marshalling circuit in the PON-BS 40, such as that thc HDT & lo an optica i spIittcr (nol SDO wn), which 

disclosed in draft specification 1.983 submitted lo the ITU. passively splits/joins a plurality of fiber umbilicals 3Ha,b,c 

^e net overall effect is that upstream subframes arriving at lcadi {Q respcctivc 0 NUs. Alternatively, there may be a 

the HDT are separated by small time spans during which no if of dedicatcd oplical fibcrs ^ ong each , ink t0 Xfanic]y 

valid data is transmitted, also known as guard bands. 1Q lransporl upsIream and downslrcam ^mc. 

At the HDT 2, the PON-BS 40 accepts the subframes ^ in tne prior ^ the HDT 83 comprises a switch matrix 

containing ATM cells in electronic formal from the trans- 44 connected in a known way to a signalling processor 55, 

ceiver 45, reads any control information that may have been a contro , proceS sor 66 and an OAM processor 57 connected 

inserted by the upstream PON-OS 9 in the ONU 1, and sends by ils own control line 58 t0 the manag em en i layer of the 

indiv!dual ATM cells to the switch matrix 44 for further 1S cor e network 51. The control processor 66 may pass through 

routing. Cells destined for the core network pass through !he switcn matrix before gaining access to the QAM prQ . 

queues 43a and through transceivers 50 after being refor- cessor 57 The switCD matrix is pre f er ably a routing switch 

malted into an appropriate format by the signalling proces- capa51e 0 f handling ATM cells at a high rate (e.g., 10 Gbps), 

sor 55. Although its links are not explicitly shown, the and ^ connected to the core network 51 through a plurality 

control processor 56 communicates control information with , Q Q f [ ran sceivers 50 

each PON-BS 40 and with the OAM processor 57. " , n the inventive HDT 83, the switch matrix 44 is also 

In the prior art, some of the most troublesome and connected to a plurality of "traffic shapers" 79, of which 
expensive components of an ONU are the upstream and (here is one for each access transport system (in this case, 
downstream traffic flow management systems, specifically one per PON). The purpose of the traffic shapers is primarily 
the queue 8 in each ONU, as well as the demultiplexer 24, 25 l0 conIr ol the rate of downstream data flow on each VC in 
queues 27, multiplexer 23 and queue control block 28 in order to prevent congestion from talcing place at downstream 
each BLC. There are many situations in which it becomes points, while maintaining efficient usage of the avail- 
clear that either the queues are not sufficiently large or that abJe bandwidth on the multiplexed transmission path from 
the queue control block 28 is excessively complex. As has tne HDT to multiple ONUs, in this case shown as a PON. 
already been discussed, inadequate queue size is a problem 30 E acn tra ffi c sna per 79 is connected to a PON-BS 40 and to 
faced during a very large file transfer to one BLC in the a transceiver 39 for interfacing with the optical fiber feeder 
absence of other traffic on the PON, whereas the queue leading to the ONUs on that PON. In addition, the traffic 
control block 28 has to have a high processing capability to shapers 79 are connected to the control processor 66 in the 
handle extreme cases of multiple traffic classes and large HDT 83 by a respective set of control lines 7951, which 
numbers of VCs through individual BLCs. 35 pr0 vide bandwidth strobes, VC-to-service maps and other 

A queue that is too meagre in size to handle the down- relevant information to various parts of each traffic shaper, 
stream data rates supplied to it can be supported by addi- as described below. Again, these links may be established by 
tional buffers between the demultiplexer 6 and each line passing through the switch matrix 44. 
card. However, this creates a new problem: if the buffer If it is assumed that the switch matrix 44 is lightly loaded 
devoted to UBR traffic in the BLC is full, then the additional 40 (i.e, that it does not cause congestion), then incoming 
buffer outside the BLC will begin to fill. Since this new packets need not be buffered. However, because the switch 
buffer stores all classes of traffic, any CBR data "caught" in is so fast, the downstream packets headed for the traffic 
this buffer will have to wait until the UBR buffer in the BLC shapers 79 or the upstream packets headed for the trans- 
is at least partially empty. However, the bit rate of UBR ceivers 50 normally do need to be buffered by respective 
traffic is not guaranteed (by definition), and therefore the 45 queues 43,43a. If the input stage of the traffic shaper 79 is 
CBR traffic in the additional outside buffer may have lo wait sufficiently fast, then it can absorb packets as fast as they can 
an indefinite amount of lime before being delivered to the be output by the switch matrix 44, obviating the need for 
customer, which would violate the BC or CBR service buffering at the corresponding queue 43. For a heavily 
delivery parameters, causing a potential service failure, loaded switch matrix, buffers may be required in both 
which is likely to be unacceptable to the end user. Clearly, 50 directions of traffic flow at each of ils ports, 
such a queue placed between the demultiplexer 6 and each \\ can readily be seen that the only significant structural 
line card requires additional arbitration logic, rendering the difference between prior art HDT 2 and the inventive HDT 
entire system more complicated and expensive, not to men- 83 is the presence of a traffic shaper 79 for each access 
tion Ihe fact that further loss of data is still not averted. transporl system, in this case a PON, along with the asso- 

In sum, the conventional system architecture, with respect 55 cialed control infrastructure that includes a modified control 
to traffic flow, results in the installation of a set of large processor 66. The remaining components may take on any 
buffers that is complex, dependent on service characteristics form that is known or used in the art. For example, each 
and traffic classes, and rife with associated control problems. transceiver 39 may consist of a separate optoelectronic 
The ONU thus suffers from increased complexity, cost, transmitter and receiver. Another embodiment might feature 
power consumption and physical size, more frequent 60 a single PON-BS that amalgamates upstream and down- 
failures, while still leaving the system prone to corrupt stream functionality in a single block, 
transmission due to buffer overflow. Although similar in structure to the described prior art 
Detailed Structural Description of the Preferred Embodi- components, Ihe ONUs 59 and BLCs 60 employed in the 
menl inventive access system differ in that the memory require- 

Reference is now made to FIG. 3, which depicts an access 65 ments and complexity are considerably reduced. Thus, the 

system in accordance with the present invention, comprising inventive ONU 59 comprises, as in the prior art, an oplical 

an HDT 83 connected beiween a core network 51 and a receiver 12, a downstream PON-OS 11 and a demultiplexer 
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6 in its downstream path leading to a plurality of BLCs 60 involving the control processor 59 and each CPE 99. The 

via respective signal lines 62. present invention applies to the control of traffic in either the 

The ONU 59 also comprises a multiplexer 7 in the upstream or downstream direction, or both, 

upstream path, whose output passes through a minimal One possible embodiment of an inventive downstream 

buffer 72 on its way to being transmitted by an upstream 5 traffic shaper is shown in FIG. 4. The traffic shaper 79 

PON-OS 9 and optically converted in the usual way by a comprises a demultiplexer 7901 for routing incoming down- 

transmilter 10. The purpose of buffer 72 is to store the stream ATM cells 7933 according to a mapping of VC/VP 

upstream traffic from the subscriber until the upstream versus traffic class supplied by the HDT control processor 66 

PON-OS 9 is permitted to transmit in the upstream direction via control line 7973. The output of the demultiplexer 7901 

in accordance with a time-division multiple access scheme. io is thus separated into three streams 7903-7905 according to 

The required size of buffer 72 will depend on the speed with the three different service classes (7903 for BC, 7904 for 

which an upstream bandwidth request can be negotiated CBR, 7905 for U BR). The three streams 7903-7905 of ATM 

once the buffer begins to fill. This is a function of the delay cells pass through an arrangement of other components, 

of the upstream bandwidth allocation process, but is inde- which implement a series of service-class-dependent shap- 

pendent of the transaction size. Buffer 72 is always needed 15 ing and prioritization functions, alongside recombination 

but may be internal to the upstream PON-OS 9. functions, before exiting the traffic shaper as a single stream 

Also part of the ONU 59 is an ONU control processor 76 7934 of ATM cells ready to be grouped into subframes by 

for reading control information from the downstream PON- the PON-BS 40. 

OS 11 and providing a routing map to the demultiplexer 6. Structurally, the BC stream 7903 is connected to the input 

The ONU control processor 76 also supplies a control signal 20 of a demultiplexer 7930, which extracts a plurality of BC 

75 to each BLC 60, as well as burst timing information to the streams 7931 from the BC stream 7903. Each separate BC 

upstream PON-OS 9. The link between the downstream stream 7931 respectively enters a buffer 7906 at whose 

PON-OS 9 and the ONU control processor 76 may be output is repectively located a simple shaper 7907. The 

physical, as illustrated in FIG. 3, or the ONU control simple shapers (or "pacers") 7907 are components that 

processor 76 may simply monitor cells at the output of the 25 control the respective rates at which cells leave buffers 7906, 

downstream PON-OS 9 in search of those which are des- as controlled by respective bandwidth strobes 7926 from the 

tined for it. control processor 66. The control processor 66 itself receives 

Within each ONU 59, the line interfacing is performed by provisioning commands indicating the bandwidth of the 

a plurality of BLCs 60, each comprising a broadband hybrid individual BC channels from a services provisioning man- 

19 for connection to a copper twisted pair leading to a 30 ager (SPM) in the core network. The output of each buffer 

respective CPE 99. In the downstream path, each BLC 60 7906 is subsequently remultiplexed by multiplexer 7932 and 

accepts a respective one of the signal lines 62 from the the multiplexed signal enters the primary input port P of a 

demultiplexer 6, leading to a minimal downstream queue 85 priority gate 7908. 

connected to a digital modem 22, a transmitter driver 21 and A priority gate is a component which, in addition to 

the broadband hybrid 19. The queue 85 is controlled by a 35 having a primary input port P, comprises a secondary input 

control block 78 based on information contained in the port S and an output port O and exerts the following 

control signal 75 received from the ONU control processor input-output relationship: *'any cells present at the primary 

76. input P are directly routed to the output O. If no cells are 

It is to be noted that the queue 85 in each line card need present at the primary input P, then cells present at the 

only accommodate enough ATM cells to account for 40 secondary input S appear at the output O." That is to say, 

so-called multiplexing jitter, which occurs when a certain traffic at the primary input P has priority over traffic at the 

number of cells arrive at the queue (from the demultiplexer secondary input S. 

6) at a high bit rate but can only leave the queue 85 at a Considering now the CBR stream 7904, it enters a demul- 

significantly lower bit rate. As will be shown hereunder, the tiplexer 7911, where it is demultiplexed on a per-VC or 

inventive system can limit the number of cells to be stored 45 per-VP basis, depending on the required traffic shaping 

by the queue 85 to the number of cells contained in a single characteristics, producing individual CBR streams 7912. 

frame. This value is several orders of magnitude less than the The individual streams 7912 are connected to respective 

storage capacity required in the prior art and is independent buffers 7913, whose outputs are provided to a multiplexer 

of the size of a requested transfer. 7915 at a rate controlled by respective simple shapers 7914. 

In the upstream path, the hybrid 19 in each BLC 60 50 These simple shapers 7914 respectively modify the indi- 

provides an upstream signal 36 to a receiver 35, which is vidua 1 buffer output rales according to bandwidth strobes 

connected to a digital modem 33, followed by a minimal 7927 received from the control processor 66. The output of 

upstream queue 77. The queue 77 is also controlled by the multiplexer 7915 is connected to the secondary input S of 

queue control block 78, and provides an upstream signal 74 priority gate 7908 via a queue 7916 for storing excess cells 

to the multiplexer 7. The form of the upstream queue 77 may 55 that are not immediately accepted by the priority gate 7908. 

be the same as in the prior art, i.e., separated into parallel As for the UBR stream 7905, it is separated by a dernul- 

queues for each traffic class and recombined by a demulii- tiplexer 7917 on a per-service basis (as there may be more 

plexer. Alternatively, the upstream queue 77 may be a simple than one service associated with a single copper drop). The 

"first in, first out" buffer. individual streams are buffered by respective queues 7918, 

Preferably, buffer 77 is much smaller than the queue 31 in 60 which are then regrouped on a per-drop basis by a set of 

the prior art, since the rate of upstream data trasmitted by the "fair-share" multiplexers 7919. These components allot an 

CPE would preferably be controlled by a centralized control equal number of packets in their respective output streams to 

processor in the HDT. Whereas traffic shaping in the down- each input, while ignoring inputs that do not present any 

stream direction can be relegated to a single component or data, i.e., the multiplexers 7919 do not consider UBR 

software program in conjunction with the control processor 65 circuits thai are unoccupied. 

66, the distributed nature of the upstream transmission path The output of each fair-share multiplexer 7919 is thus a 

calls for a distributed traffic shaping control mechanism stream of low-priority cells corresponding to one BLC, 
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which is then buffered by a respective queue 7920 whose is routed, the downstream data travels towards the appro- 
output rate is controlled by a respective simple shaper 7921. priate PON-BS but first passes through an inventive traffic 
The simple shapers 7921 are under the influence of respec- shaper 79. 

tive bandwidth strobes 7928 from (he control processor 66. As shown in FIG. 4, at the traffic shaper 79, the input 

The streams of cells exiting the buffers 7920 are optionally 5 sequence 7933 of ATM cells is remapped into the output 

buffered by respective queues 7996 whose outputs are then sequence 7934 of ATM cells, based on control information 

regrouped by another fair-share multiplexer 7922. supplied by the control processor. The demultiplexer 7901 

The output of the fair-share multiplexer 7922 is preferably reads the VC/VP information in the header of each input cell 
buffered by a queue 7923 whose output cell rate is deter- and then consults a mapping supplied by the control pro- 
mined by a shaper 7924 controlled by a bandwidth strobe 10 cessor 66 via control line 7973 in order to determine the 
7929 from the control processor 66. (It is to be noted that traffic class, i.e., BC, CBR or UBR, of the particular VC/VP. 
although fair-share multiplexer 7922 is preferably one which FIG. 5 shows the detailed operation of the outlined region 
devotes equal amounts of output bandwidth to all of its 7950 of FIG. 4, including two buffers 7906a,b accepting 
inputs, it can implement other "fair-share" schemes, such as respective input streams 7931a,£>, along with multiplexer 
one which measures and equalizes the level to which the is 7932 producing an output stream 7941, and priority gate 
buffers 7920 are filled.) The output of buffer 7923 passes 7908 producing an output stream 7942. The contents of 
through a final buffering stage at a queue 7925 whose output broadcast streams 7931a,fc have been respectively identified 
is connected to the secondary inputs of another priority gate as numbers (1,2,3,4) and (5,6) thereby to indicate corre- 
7909. spending broadcast services delivered in valid data cells; 

Optionally, the queue 7923 and shaper 7924 can be 20 unused gaps spanning the duration of one cell are repre- 

bypassed. Instead of receiving bandwidth strobes directly sented as blank cells. 

from the control processor 66, shapers 7921 may receive Simple shapers 7907^6 accept bandwidth strobes 7926a., 
bandwidth strobes calculable from the bandwidth strobes b, from the control processor and control the output rate of 
7928 and from a "buffer full" signal that is fed from the buffers 1906a t b connected to multiplexer 7932. The band- 
buffer 7925 and which indicates the level to which buffer 25 width strobes 7926a, b generate substantially even buffer 
7925 is occupied. output rates to the multiplexer 7932. The two sets of strobes 
Finally, the priority gates 7908, 1909 are connected in are non-overlapping in time, and the residual gaps can be 
such a way that the output port O of priority gate 7908 feeds used by the priority gate 7908 to insert cells of lower priority 
the primary input port P of priority gate 7909. This estab- (CBR) data 7943 into output data stream 7942, where the 
lishes a hierarchy, whereby BC traffic has priority over CBR 30 low priority data is labelled "L". 

traffic (because of priority gate 7908), which has priority The broadcast data 7941 output as a result of the rates 
over UBR traffic (because of priority gate 7909). The data at indicated by broadcast bandwidth strobes 1926a,b (and 
the output O of priority gate 7909 forms a sequence of ATM more if needed) is the highest priority type of data that can 
cells that are subsequently fed to the PON-BS. be transmitted by the fiber feeder across the PON. At each 
It has been assumed that the demultiplexer ports on 35 BLC, a controllable number and selection among the avail- 
demultiplexers 7930, 7911, 7917 and their respective sets of able broadcast channels is mapped to broadcast "bearers" 
output buffers 7906, 7913, 7918 are themselves not choke which deliver the broadcast services to the individual sub- 
points, i.e., their instantaneous bandwidth handling capacity scribers. A services provisioning manager (SPM) in the core 
is taken to be sufficiently high. If this is not the case and network usually manages the channel-to-bearer mapping 
there are some bandwidth handling constraints (e.g., through 40 associated with each BLC, which is delivered to the corre- 
having chosen a power-efficient buffering technology for sponding ONU via a downstream control channel, to be 
one or more sets of buffers), then it is necessary to introduce discussed later. 

further buffering between the input demultiplexer 7901 and If the system is properly designed, one can always ensure 

the next stage of demultiplexing. Furthermore, if the demul- through provisioning that the total required broadcast band- 

tiplexer 7901 is not designed to handle the incoming 45 width across the PON never exceeds the total available 

bandwidth, it is necessary to buffer data prior to entering the bandwidth across the PON, and that the total broadcast 

demultiplexer 7901, either internally to the traffic shaper or, bandwidth required by the broadcast bearers on each drop 

as in FIG. 3, a queue 43 may be installed directly at the never exceeds the total available bandwidth on that drop, 

output of the switch matrix 44. However, if a subscriber wishes to access an excessive 

Although the structure of the inventive traffic shaper has 50 number of broadcast bearers, then congestion occurs at the 
been described with reference to actual physical blocks, it is copper drop without any corresponding bandwidth constric- 
to be understood that its realization may be radically differ- lion at the HDT. For example, there may be a large number 
ent. For instance, the desired remapping of cells from an of video channels (say, 100) transmitted over the fiber link 
input sequence to an output sequence could be achieved by of the PON, not fully occupying the downstream fiber 
implementing the traffic shaper as a very large and fast 55 capacity, so that other classes of service can also be sup- 
random access memory which is accessed and controlled by ported. A subscriber, connected to the ONU via a copper link 
a traffic shaping control processor. This processor may be which has a maximum capacity of, say, 20 Mbps, may try to 
separate from the control processor 66 in the HDT 83. access (watch) an excessive number of those channels 
Irrespective of the chosen implementation, the functionality simultaneously to feed multiple TV sets (e.g., 10 bearers of 
of the traffic shaper remains the same, and is set forth 60 individual 3 Mbps channels for a total of 30 Mbps). Such an 
hereunder in further detail. attempt would obviously overload the 20 Mbps drop and 
Detailed Description of Downstream Operation of the Pre- hence has to be controlled by denying the subscriber access 
ferred Embodiment to more BC bearers than the number of deliveries supported 

Operation of the inventive system in the downstream by the corresponding CPE drop and/or by providing a 

direction between the core network 51 and the switch matrix 65 warning that incremental BC addition will preclude the 

44 is identical to that described when discussing the prior art delivery of a previously contracted CBR circuit. Any change 

system. After passing through the switch matrix 44, where it in the mapping of which channels are carried across the drop 
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by the available bearers of traffic is controlled by sending a 

new mapping to the ONU demultiplexer 6. £wac('. j)*>S. 

With respect to CBR traffic, the SPM and a service 
interface at the CPE will negotiate a data rate. (Generally, 

the higher the data rate, the greater the cost to the 5 , . .„ , , 

, .? wf , . , • , , , . . . and a significant reduction in bandwidth require for down- 
subscriber.) After agreeing to a particular rate that is to be , . & . , . . ■ , 0 .i 
. .. .. .. • .. c ,l on** .i_ j- i stream transmittal across the PON is achieved. Specifically, 

delivered to the service interface, the SPM then discloses l__j_ w ., r ^. . . ■ • v. , y 

. . i . broadcast cells from each channel being accessed by mul- 

this rate to the control processor, which then controls the . ^^.k^k-,, _ „ , _ * „, ami i r . .u 

u «- - r-.V 4 u i ■ i . liple subscribers are reproduced at the ONU according to the 

CBR bufTers 7913 in FIG. 4 by supplying complementary address map of (he dcmuUip | cxer 6 . 

bandwidth strobes to the simple shapers 7914. Again, the "> Tumjng nQW (0 , he individual bandwidths> one raay 

bandwidth strobes will produce an even flow of data, and the define: 

control processor need not concern itself with congestion, as bw(m)=bandwidth of the mth BC channel transmitted across 

the SPM was well aware of the bandwidth limitations due to the PON 

broadcast traffic when negotiating the CBR bandwidth in the bw sc (i,j,k) bandwidth of the kth BC bearer used by the jth 

first place. i- s BLC of the ith ONU 

As for UBR traffic, each fair-share multiplexer 7919 bw c?/? (ij,k)=bandwidth of the kth CBR circuit established 

provides an even distribution among UBR services on its witn lne J tn BL C of the ith ONU 

corresponding drop, providing a stream of UBR traffic to the bw^^i j Jc)=bandwidth of the kth UBR service delivered to 

corresponding queue 7920. The control processor 66 exerts the ^ BLC of the itn 0NU 

control over simple shapers 7921 in order to allocate the 20 FinaIJv * one «P«sent the available downstream band- 
residual bandwidth on each drop to the UBR traffic cells in ^ °" P ? N b y " E " Oypicatly 600 Mbps or more) and 
buffers 7921 after accounting for the already established BC lhe av ? llable ^downstream bandwidth across an individual 

and CBR circuits. Control of simple shapers 7921 iseffected w f}* ?™ b V, ' A <W™" y f ? '?\ 

~. ~ • \ l • c i » an overload on the PON is to be averted, then the above 

on a per-BLC (i.e per drop) basis to ensure, for example. vadablcs musl bc mani , aled ]n such a lnat [hc sum of 

that a large available residual bandwidth on the PON does |hc bandwidths of a|1 & cntcrir]g all thc 0N Us in 

not carry a large transact.on (waiting in one of the buffers |hc p 0N does not exceed « E « f bmh as a long „ term aver e 

7920) at a rate that cannot be handled by the subscriber's or ^ a sho rt-term peak, other than what can be handled by 

dro P- buffers (e.g., queue 85 in each BLC) used to counter 

The UBR traffic on each drop passes through the fair- ^ multiplexing jitter. At the twisted pair drop, the bandwidth 

share multiplexer 7922, where each drop having traffic delivered to each subscriber, including all CBR, UBR and 

waiting to be delivered is given a fair share of the output broadcast services, must not exceed "A", again both in the 

bandwidth of the multiplexer 7922. The resultant stream is lon g term and in the short term. At the same time, and as 

fed to the buffer 7923, which outputs cells to buffer 7925 at discussed above, top priority is given to broadcast traffic, 

a rate corresponding to the residual bandwidth available on tnen 10 CBR lraffic tnat has already been provisioned, and 

the PON, as controlled by the bandwidth strobe 7929 fed to 35 then t0 UBR traffic - Mathematically, the downstream data 

simple shaper 7924. Alternatively, as discussed, buffer 7923 leaving lhe HDT mu st satisfy the following six inequalities: 

may be bypassed and the residual bandwidth on the PON can 

be controlled jointly with the residual bandwidth on each < { > T ^ _ y < £ 

drop. This can be achieved by the control processor 66 TOV/tc 
calculating a bandwidth strobe for the simple shapers 7921 

which would be based not only on the original (per-drop) . ^ ,. 5 & J \ ,. . , , . 

bandwidth strobe 7928 but also on a "buffer full" signal fed * '° > W ' c "' J) = & *"* c( ' > *> < * 
from the buffer 7925 and indicating its occupancy level. 

From a theoretical standpoint, the mapping of the input 45 < 2 > Tpw^ = £ £ £ j. *> < e-Tpoh k 

sequence 7933 of ATM cells to an output sequence 7934 of <-i >i *-i 
ATM cells by the traffic shaper must satisfy a set of 

inequalities comprising parameters that characterize the <2a> r WWfM i/.y) S £ bw CSft a j, k)< a - T Dm? n j) 

different bandwidth limitations in the system. Specifically, *»i 

one may define: 5Q „ 0N(J VfliC<;( . v , /flff( . 

N^^number of ONUs in the PON < 3 > £ £ £ bw UBR u, j. k)<E- Tpo» BC - Tpon cbh 

S=number of BC channels available on the PON *■' 

N SiC (i)=n umber of BLCs on the ith ONU »ubr< : J* 

N flC <i,j)=number of BC bearers used by the jth BLC of the < 3a > £ bw VBF u, j,k)<A- t 0RO p bc {K J) - T D g 0 p CBK iK f) 

ith ONU 55 
N CB/? (i,j)-number of CBR circuits established with the jth 

BLC of the ith ONU where lgigNONU, l^j^N MC (j) ,T WiV is the total PON 

N^(ij)-number of UBR services delivered to the jth BLC bandwidth occupied by the plurality of broadcast channels 

of the ith ONU made ava ji ab i e l0 aI i subscribers, T OFOP (ij) is the total 

With respect to broadcast traffic, it is important to distin- 60 drop bandwidth occupied by the plurafSy of broadcast 

guish between S and N BC (i j), the former symbol represent- bearers being used by subscriber j on ONU i, T w ^ is the 

ing the number of broadcast services available on the PON, total PON bandwidth occupied by all CBR circuits, and 

e.g., the number of available television channels, whereas To^^ (ij) is the total drop bandwidth occupied by the 

the latter symbol represents the number of such channels plurality* of CBR circuits established with subscriber j on 

that are being accessed as bearers by BLC j of ONU i. Thus, 65 ONU i. 

at limes when there is a substantial mass of subscribers As discussed, it can be ensured during service provision- 
accessing BC channels, one has ing that inequality <1> will always hold, and the control 
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processor 66 will instruct simple shapers 7907 to provide a buffer 7923. Also, after inequality <3a> is solved for all 

non-overlapping, even flow of output cells. other drops, and it may turn out that the UBR services on one 

However, because of the nature of broadcast traffic, all the or more drops will be able to benefit from the added PON 

broadcast channels are available to all ONUs at all limes and bandwidth, thereby increasing the egress rate of those buff- 

ihus control of the individual drop bandwidths T DROP (ij) 5 er * 79 20 not handling UBR service on drop j on ONU i. 

cannot be achieved by adjusting parameters of the traffic Finally, there exists a reverse scenario, in which the 

shaper. Instead, satisfaction of inequality <la> on a per drop number of BC bearers may be reduced by the end user, e.g., 

basis requires that an upper bound be placed on the band- b * lur ? 1D S off a te » evi sion set. This will immediately make 

width carried by all bearers of broadcast traffic on that r ? om for additional downstream CBR and UBR services on 

individual drop 10 ,he drop ' Allhou S h T «w«- remains constant (dependent only 

c -c II i * * i ij, u on the number of available channels), a new CBR or UBR 

Specifically, every time a bearer is requested, the attach- _ . ... . , . . / ... .... 

r.u- u . i i . u 7- .u . j • service which may indeed fit on the drop might overload the 

ment of this bearer to a broadcast channel is authenticated in PON 

a central location either by the OAM processor 57, the Specifically, upon termination of a BC bearer delivering 

control processor 66, the SPM or alternatively by a separate downslream BC traffic across a drop, any subsequent CBR 

Broadcast Control Unit (BCU, not shown). The central is service negotiations are likely to be more successful than 

location processor will thus grant the request if inequality when |hc BC bearer was in usc llie availab i c CBR band . 

<la> can remain satisfied. If there is very little CBR and width on the drop is limited by the solution of inequality 

UBR traffic on the drop, the request for a bearer is granted <2a>, whereas the set-up of a new CBR service entails an 

without consequence. However, if inequality <la> dictates increase in the occupied PON bandwidth, which is limited 

that there is a capacity for a new bearer, but the low- 20 by the solution of inequality <2>. 

bandwidth (e.g., 20 Mbps) drop is busy with CBR and UBR If the elimination of a bearer and the subsequent nego- 

traffic, then granting of a new bearer will require that the tiation (or re-negotiation) of CBR bandwidth still leave 

bandwidth used by (lower priority) CBR and UBR traffic be some residual bandwidth on the PON and the drop, then 

reduced. UBR services can be delivered to the drop. The data rate that 

Assuming therefore that inequality <la> reveals that a 25 can be imparted to UBR traffic is therefore determined by 
new bearer of BC traffic can be allocated to the drop j on the simultaneous solution of inequalities <2> and <3>. A 
ONU i, but that the CBR and UBR traffic on this link do not change in available UBR bandwidth across the PON is 
leave enough room for the new BC bearer. This leads to a reflected in the output rate of buffer 7923, controlled by 
desired value for T DROP (ij), which is substituted into simple shaper 7924 via bandwidth strobe 7929, whereas a 
inequality <2a>. If inequality <2a> remains true, then it is 30 change in UBR bandwidth used on a given drop is reflected 
possible to meet the request for a new bearer simply by in the output rale of the corresponding buffer 7920. 
reducing the UBR services delivered to the drop, without After having passed through the traffic shaper 79, the 
influencing the already-provisioned CBR circuits. The band- resultant sequence of ATM cells 7934 is formatted by the 
width strobe 7928 supplied by the control processor 66 to the PON-BS 40 for transmission across the PON or other 
one simple shaper 7921 handling UBR traffic for drop j on 35 suitable transmission system that is used to interconnect the 
ONU i is made sparser to the degree required that inequality HDT to the outlying ONUs, e.g., an arrangement of poinl- 
<3a> remain satisfied. The rates of the other bandwidth to-point links, add-drop chains or SONET rings, 
strobes 7928 are fractionally increased, since the total UBR Specifically, the PON-BS 40 sorts the incoming cells accord- 
bandwidth delivered across the PON remains the same ing to each cell's destination ONU and traffic class (both of 
(bandwidth strobe 7929 delivered to simple shaper 7924 40 which can be determined from the VC/VP in the cell's 
remains unchanged) but this bandwidth is distributed among header), groups the sorted cells into subframes, and concal- 
fewer contenders. e nates the subframes to form frames which are typically of 

Of course, it may be the case that accommodation of the duration 125 microseconds, thereby to conform to current 

requested BC bearer is not possible solely by reduction of ATM standards and emerging PON standards, and also to 

the UBR bandwidth, i.e., it may be impossible to satisfy 45 permit carriage of multiplexed pulse-code-modulation 

inequality <2a> with the target value otT DRO p K (ij), In this (PCM) voice within the access infrastructure. Thus, for each 

case, one or more of the provisioned CBR services will have 125-microsecond frame interval, the PON-BS 40 is told by 

to be cancelled. The exact number of CBR circuits that must the control processor 66 how to distribute the available 

be abolished depends on their associated bandwidths since downstream fiber bandwidth among the various subtending 

the requirement is the satisfaction of inequality <2a>. Since 50 ONUS. The resulting frames create a set of parallel, dynami- 

thc situation in which an already existing CBR service must cally sizable "pipes" of data whose contents have been 

be cancelled is rather undesirable from the user's point of carefully selected so as to flow freely through the various 

view, a message may be sent to the CPE warning the user downstream choke points. 

that a new broadcast bearer is being requested, and asking FIG. 6 illustrates a series of downstream frames PI to F5 
the user to authorize the cancellation of one or more existing 55 formed in this manner. Each frame is identical in length and 
CBR services in order to activate the extra bearer. is preferably divided into N <W(/ +2 subframes, although the 
As regards control of the traffic shaper in this case, the subframes need not necessarily be of the same size within 
first step is to halt the UBR services for drop j on ONU i by the frame or across frames. By way of example, frame F3 is 
throttling the simple shaper 7921 in charge of this drop via subdivided into seven subframes SF0 to SF6, among which 
the corresponding one of the bandwidth strobes 7928. Next, 60 subframe SFO is a broadcast subframe, subframes SF1 to 
the CBR circuits to be cancelled are throttled via the SF5 are destined for respective ONUs and subframe SF6 is 
appropriate bandwidth strobes 7927 controlling the egress a spare capacity subframe. The relative size of each sub- 
rates of simple shapers 7914. From inequality <3> it is found frame is determined by the overall bandwidth requirement 
that the liberation of one or more CBR circuits on a given for broadcast traffic and the relative bandwidth demands of 
drop increases the available UBR bandwidth on the PON. 65 each individual ONU. 

Therefore, bandwidth strobe 7929 controlling simple shaper For purposes of identifiability, traffic cells forming part of 

7924 will command a higher output rale for its associated frame F3 in FIG. 6 have each been given a letter 



12/21/2001, EAST Version: 1.02.0008 



US 6,229 

19 

(corresponding to the traffic class) and a number 
(corresponding to the VC or VP). The broadcast traffic cells 
carrying channels B1,B2, . . . have been grouped into 
broadcast subframe SFO, to which is also appended an 
address channel 601 and a control channel 602. The address 5 
and control channels 601,602 establish the downstream 
control link between the I1DT and the subtending ONUs. It 
is to be understood that the address and control channels 
may themselves be ATM cells which identify (in their 
respective headers) the destination ONUs, or a specific 10 
component in the destination ONUs. In the case of broadcast 
subframe SFO, the address and control channels 601,602 can 
optionally identify all ONUs on the PON as destination 
ONUs. 

Subframes SF1 to SF5 each comprise traffic cells carrying is 
CBR and UBR traffic hich are destined for a single ONU. 
Subframe SF3 has been expanded to show traffic cells 
carrying CBR circuits C1,C2, . . . and UBR services 
U1,U2, . . . Again, there is shown the preferable arrangement 
of an ONU address and synchronization channel 701 20 
(indicating the destination ONU), as well as an ONU control 
channel 702. 

Although the above frame subdivision is preferred and 
requires that each subtending ONU read only two 
subframes, SFO and the one destined for that ONU, it is to 25 
be understood that there exist many variations of the above 
technique. For example, the subframes themselves may 
comprise an unused portion that represents spare down- 
stream capacity on the PON. This may be used in conjunc- 
tion with, or as a replacement for, the spare capacity 
subframe SF6 shown in FIG. 6. Moreover, the control 
information for each subframe may be grouped together in 
a separate subframe which is destined for all downstream 
ONUs. 

Another variation consists of eliminating the broadcast 
subframe SFO and inserting a fraction of the broadcast cells 
in each subframe. This "embedded broadcast" approach 
requires that each subtending ONU read all the subframes, 
extracting all the cells from one subframe and only the 
broadcast cells from all the other subframes. 

It is also within the scope of the present invention to 
provide methods of effectively employing the available PON 
bandwidth bandwidth different from the synchronous time- 
division multiplexing (TDM) technique outlined above. For 
example, the transmission of downstream and upstream data 
may occur in alternating bursts, the duty cycle of which 
determines the percentage of available bandwidth that is 
used in each direction. 

Reference is now made to FIG. 7, which serves to 
illustrate an example mode of operation of the downstream 
PON-OS 11 and demultiplexer 6 at the ONU. From an 
incoming stream 801 of frames, the downstream PON-OS 
11 reads the ONU address channel of each subframe. If the 
subframe is a broadcast subframe, then the all cells in the 
subframe are sent to the demultiplexer 6. If the subframe is 
not a broadcast subframe but is destined for that ONU, then 
its cells are sent to the multiplexer 6; otherwise its contents 
are ignored. Therefore, the demultiplexer 6 receives an 
intermittent stream 802 of ATM cells. Information in the 
control channels of the two accepted subframes is fed to the 
ONU control processor (76 in FIG. 3). 

The demultiplexer 6 receives the intermittent cells and 
outputs streams 803-806 of ATM cells destined for respec- 
tive line cards according to a mapping that is supplied by the 
ONU control processor based on information in the down- 65 
stream control channel of the broadcast and non-broadcast 
subframes. 
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A routing table 807 that associates each combination of 
virtual circuit and traffic class to a specific line card is 
contained in the demultiplexer 6. This mapping depends on 
the bandwidth requirements and service requests of the end 
user and therefore changes with time. (For example, this 
mapping determines the broadcast channels carried by 
broadcast bearers to a particular subscriber, as discussed 
earlier.) The mapping 807 can be updated by supplying 
appropriate mapping instructions from the control processor 
66 via the control channel of the subframes to the ONU 
control processor 76. An example mapping 807 is shown in 
FIG. 7: 



Bl, B2, B3, C4 iouicd to BLC 3 

CI and Ul routed to BLC 2 

Bl, B4, C2, C3, U2, U4 routed to BLC 3 

B2, B3, U3 routed to BLC 4. 



It is important to note that, in general, broadcast cells are 
routed to more than one ONU and, within each ONU, are 
often routed to more than one one line card. According to the 
above mapping, broadcast cells Bl, B2 and B3 are to be 
routed to more than one BLC, which requires cell replication 
at the demultiplexer 6. 

Considering now each BLC 60, the queue 85 accepting a 
stream of ATM cells need accommodate enough cells to 
account for multiplexing jitter. This phenomenon is a con- 
sequence of the nature of the transmission process, rather 
30 than having to do with the characteristics of the transmitted 
traffic. Specifically, multiplexing jitter arises when cells 
arrive at the queue in bursts during which data arrives at a 
peak bit rate but the arriving cells leave the queue at a 
substantially continuous, but lower bit rate. In the inventive 
3S system, due to the forward-looking intelligence of the traffic 
shaper, only enough cells that can be emptied during one 
frame will ever be sent towards the queue. Therefore, the 
queues 85 are relatively small compared to those in prior art 
systems. 

40 In an example situation, the number of cells that can be 
delivered to a single customer during one frame is 25 
Mops* 125 /fs=3125 bits. (At a peak rate of 600 Mbps, this 
corresponds to a "fill time" of 5.2 /is.) The downstream 
queue 85 on each line card must therefore have the ability to 
store 3125 bits, or approximately 8 ATM cells with 53*8- 
424 bits each. This amount of memory is small enough not 
to have an impact in terms of ONU size, power consumption 
and failure rate, and is therefore a significant improvement 
over the prior art. Moreover, the size of the queue is 
independent of the characteristics of the throughput traffic 
such as the size of a requested file transfer or transaction. 

After passing through the downstream queue 85, the data 
headed towards the CPE 99 enters the modem 22 and travels 
a path identical to that described when discussing the prior 
art system. The downstream PON-OS 11 and ONU control 
processor 76 may communicate with the CPE 99 using 
specially addressed ATM cells, via dedicated links, or using 
particular modulating techniques. 

Detailed Description of Upstream Operation of the Preferred 
Embodiment 

Operation of the inventive system in the upstream direc- 
tion is now described with reference to FIGS. 3 and 8, ATM 
cells arriving in an analog formal from the CPE 99 are 
delivered to the queue 77 in digital format in one of many 
known ways via the hybrid 19, the receiver 35 and the digital 
modem 33. The queue 77 feeds an output stream 74 of ATM 
cells into the ONU multiplexer 7. 
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The upstream cells are multiplexed as they arrive at the the bandwidth reallocation procedure is a controllable 

multiplexer 7 and are fed through another buffer 72 to the design parameter of the ONU transmission path and HDT 

upstream PON-OS 9. The upstream PON-OS 9 assembles a control processor 66, comprising the summation of the 

group of upstream cells into a subframe, and wails for a delays through these components. Practical designs can be 

synchronization signal from the ONU control processor 76 5 realized with a total delay of approximately 2 to 5 millisec- 

prior to upstream transmission. The actual number of cells in onds. In a worst-case scenario, i.e., a 5 millisecond delay, 

a subframe, as we 11 as the timing inform at ion is derived from each line card instantaneously requesting 2 Mbps from an 

the information contained in the control channel in the initial idle condition would require the storage of 10,000 bits 

downstream subframes. (equal to 1.2 kilobytes, or approximately 25 ATM cells) in 

It is preferably the PON-BS 40 in the HDT that executes 10 its upstream path. In combination, the ONU queue 72 and 

a marshalling algorithm (according to ITU draft specifica- the individual BLC queues 77 are therefore required to 

tion 1.983, for example), which coordinates upstream trans- provide storage capacity of 1.2 kilobytes per line card, 

mission of individual subframes by the upstream PON-OS 9 Optionally, the queues 77 can be dispensed with if there is 

in each of the ONUs. The resultant sequence of subframes enough storage capacity in the upstream ONU queue 72 to 

is shown in FIG. 8 as forming a "train" 901 of subframes is handle about a kilobyte of data per attached line card, 

separated by guard bands which contain no valid data. From the above discussions of the inventive access 

Upon arrival of the slightly "gapped" train of subframes system, il is evident that traffic is controlled primarily in 

at the HDT, the appropriate transceiver 39 converts the order to reduce the memory requirements of the ONUs. This 

optical signal into an electronic one. The PON-BS 40 leads to smaller, less power-hungry, and ultimately cheaper 

ignores the guard bands, strips the control and address 20 units to be installed in the field. The majority of the system 

information from the subframes and produces a stream of memory is thus concentrated in a centralized environment, 

ATM cells travelling towards the ATM switch matrix 44. If lhat is to say, in a traffic shaper at the HDT, which not only 

the switch matrix 44 is lightly loaded, then the data is requires less total memory, but also facilitates maintenance 

immediately routed by the switch matrix 44 towards its and replacement in case of failure. 

destination in the core network. 25 While the preferred embodiment of the invention has been 

An important scenario to consider is that of an ONU lhat described and illustrated, it will be apparent to one skilled in 

has been allocated a fixed upstream data rate, i.e., the the art that variations in the design can be made. The scope 

number of cells in its upstream subframe is limited. In the of the invention, therefore, is only to be limited by the claims 

event that a new service interface on that ONU wishes to appended hereto, 

transmit upstream data, at least one BLC in the ONU may 30 We claim: 

actually be attempting to transmit data at a higher rate than 1. A method of downstream data transmission for use in 
that which is available to the ONU. It is clear that a certain an access system comprising a host digital terminal (HDT) 
amount of traffic shaping is necessary to reallocate the connected by optical fiber to a plurality of optical network 
upstream bandwidth on the PON, and this can be done units (ONUs), each ONU being connected to a respective 
without introducing any new hardware. 35 plurality of subscribers by a respective plurality of sub- 
One method of providing the necessary upstream traffic scriber drops, the method comprising: 
shaping is for each queue control block 78 to be interrupted determining which drops from among the subscriber 
when the upstream queues 72,77 are filling at a higher rate drops tne downstream data is destined for, said drops 
than usual, and subsequently to request additional upstream being destination drops; 

^^m^V 0 ' h t °un-r by S u b ^Ti '° 40 defining .he downstream bandwidih available on .he 

the PON-BS 40 m the HDT, wh.ch further relays Ihese fibef and Qn , he deslinaIion d and 

demands to the control processor 66 (or to the separate traffic . . , , .„ „ 

. _ v transmitting the downstream data only if there is sufficient 

shaping processor). , tJf -, , ... 

c ,u « t (t- u downstream bandwidth on the fiber and on the desti- 
The processor responsible for the upstream traffic shaping 

evaluates whether the requests can be met by applying a 45 „ A . . * ■ , 

f - i » 1 . ^ u u \ -.u 2. A method of transmitting upstream data, for use in an 

series of inequalities similar to <1> to <3a> above, but with , . , ... 

„^»«^^ «„, i„ „ .,, access system comprising a host digital terminal (HDT) 

upstream parameters. In many cases, the processor will J . . . \ & ,? . , v / 

allowthegraDtingofanincreasedquantityofbandwidth,but ^"^"^P 11 ? 1 ^^ '° ' plurabty °' 0pllcal DetW ° rk 

which is less than that requested. If the new amount of ""^ (ONUs), each ONU being connected to a respective 

bandwidth is indeed inferior to the requested amount, then 50 P 1 ™ 1 "* of «*scnbers by a respective plurality of sub- 

thc control processor signals to certain ones of the CPEs (via scnber dr0 P s ' Ihe melhod com P r *'ng: 

the downstream control channels and appropriate BLCs) that determining which drops from among the subscriber 

bandwidth Ihrottling is required in the CPE, i.e., that the data dr0 PS intcnd lo "ansmii upstream data, said drops 

rate of upstream UBR circuits is lo be reduced at the source. bcin S source drops; 

Since the control processor 66 has visibility into the 55 delermining the upstream bandwidth available on the fiber 

bandwidth usage across the entire PON, it may also recog- and on the source drops; and 

nize that certain ONUs or BLCs are not using their full allowing the transmittal of upstream data only if there is 

upstream bandwidih, and may increase the number of cells sufficient upstream bandwidih on the fiber and on the 

in the upstream subframes associated with the busier ONUs. source drops. 

The control processor 66 will make this information avail- 60 3. A method of transmitting data from a host digital 

able to the higher layers of the core network 51. terminal (HDT) to at least one optical network unit (ONU), 

In the meantime, until the ONU receives the additional each ONU being connected to the HDT by optical fiber and 

bandwidth, even if it is the full requested amount, butler 72 to a respective plurality of subscribers by a respective 

in the ONU and buffers 77 in the overly demanding BLCs plurality of subscriber drops, wherein the data can be 

will continue to fill at a rate equal to the difference between 65 transmitted across the fiber at a maximum fiber data rate and 

ihe requested upstream capacity and the summation of the across each drop at a respective maximum drop daia rate, 

upstream capacities of the BLCs. The delay incurred due to wherein the data is requested to be transmitted across the 
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fiber at a requested fiber data rate and across each drop at a 
respective requested drop data rate, the data being a mixture 
of high-priority data and low-priority data, the method 
comprising the steps of: 

the HDT determining which of said downstream data is 5 
high-priority data and which of said downstream data is 
low-priority daia; 
if the requested fiber data rate is less than or equal to the 
maximum fiber data rate and if the requested drop data 
rate is less than or equal to the maximum drop data rate, io 
the HDT transmitting all of said downstream data; 
otherwise, the HDT transmitting all of said high-priority 
data and only part of said low-priority data, and tem- 
porarily storing the remaining low-priority data. 

4. A method of mapping an input sequence of traffic cells 1S 
to an output sequence of traffic cells for transmission by a 
host digital terminal (HDT) to at least one optical network 
unit (ONU), each ONU being connected by optical fiber to 
the HDT and by a respective plurality of subscriber drops to 

a respective plurality of subscribers, each traffic cell being 20 
associated with either high-priority or low-priority traffic 
and with a destination drop from among the subscriber 
drops, wherein data can be transmitted across the fiber at a 
maximum fiber data rate, wherein data can be transmitted 
across each subscriber drop at a respective maximum drop 25 
data rate, the method comprising the steps of: 

determining the traffic priority and destination drop asso- 
ciated with each cell in the input sequence; 
separating the cells in the input sequence according to the 
traffic priority and destination drop associated with 30 
each cell, thereby to produce a plurality of demulti- 
plexed cell streams; 
temporarily storing the plurality of demultiplexed cell 
streams in a respective plurality of buffers and releasing 
the cells in each buffer according to respective control- 
lable output data rates; and 
combining the cells released by the plurality of buffers, 

thereby to form the output sequence; 
wherein the total output data rate of all buffers containing 40 
high-priority traffic cells is controlled to be less than or 
equal to the maximum fiber data rale; 
wherein the total output data rate of all buffers containing 
high-priority traffic cells associated with a common 
destination drop is controlled to be less than or equal lo 45 
the maximum drop data rate for that destination drop; 
wherein the total output data rate of all buffers containing 
low-priority traffic cells is controlled to be less than or 
equal to the maximum fiber data rate minus the total 
output data rate of all buffers containing high-priority 50 
traffic cells; and 
wherein the total output data rate of all buffers containing 
low-priority traffic cells associated with a common 
destination drop is controlled to be less than or equal to 
the maximum drop data rale for that destination drop 55 
minus the total output data rate of all buffers containing 
high-priority traffic cells associated with that destina- 
tion drop. 

5. A method according to claim 4, wherein the traffic cells 
are asynchronous transfer mode (ATM) cells each having a 60 
header, wherein the traffic priority associated with a traffic 
cell is encoded in the header of said cell, wherein the 
destination drop associated with a high-priority or low- 
priority traffic cell is encoded in the header of said high- 
priority or low-priority traffic cell. 65 

6. A method according to claim 4, wherein the total output 
data rate of all buffers containing low-priority traffic cells 



associated with a common destination drop is distributed 
substantially equally among said buffers. 

7. A method of mapping an input sequence of traffic cells 
lo an output sequence of traffic cells for transmission by a 
host digital terminal (HDT) to at least one optical network 
unit (ONU), each ONU being connected by optical fiber to 
the HDT and by a respective plurality of subscriber drops to 
a respective plurality of subscribers, each traffic cell being 
associated with either broadcast-priority, high-priority or 
low-priority traffic, each high-priority or low-priority traffic 
cell being associated with a destination drop from among the 
subscriber drops, each broadcast-priority cell being further 
associated with a broadcast channel, wherein each sub- 
scriber drop is associated with a controllable number of 
broadcast channels, wherein data can be transmitted across 
the fiber at a maximum fiber data rate, wherein data can be 
transmitted across each subscriber drop at a respective 
maximum drop data rate, the method comprising the steps 
of: 

determining the traffic priority and destination drop or 
broadcast channel associated with each cell in the input 
sequence; 

separating the cells in the input sequence according to the 
traffic priority and destination drop or broadcast chan- 
nel associated with each cell, thereby to produce a 
plurality of demultiplexed cell streams; 

temporarily storing the plurality of demultiplexed cell 
streams in a respective plurality of buffers and releasing 
the cells in each buffer according to respective control- 
lable output data rates; and 

combining the cells released by the plurality of buffers, 
thereby to form the output sequence; 

wherein the total output data rate of all buffers containing 
broadcast-priority traffic cells is controlled to be less 
than or equal to the maximum fiber data rate; 

wherein the number of broadcast channels associated with 
each subscriber drop is controlled such that the total 
output data rate of all buffers containing broadcast- 
priority traffic cells associated with the broadcast chan- 
nels associated with said subscriber drop is less than or 
equal to the maximum drop data rate; 

wherein the total output data rate of all buffers containing 
high-priority traffic cells is less than or equal to the 
maximum fiber data rate minus the total output data 
rate of all buffers containing broadcast-priority traffic; 

wherein the total output data rate of all buffers containing 
high-priority traffic cells associated with a common 
destination drop is less than or equal to the maximum 
drop data rate for that destination drop minus the total 
output data rale of all buffers containing broadcast- 
priority traffic cells associated with the broadcast chan- 
nels associated with that destination drop; 

wherein the total output data rale of all buffers containing 
low-priority traffic cells is less than or equal lo the 
maximum fiber data rate minus the sum of the total 
output data rale of all buffers containing high-priority 
traffic cells and the total output data rate of all buffers 
containing broadcast-priority traffic cells; and 

wherein the total outpul data rale of all buffers containing 
low-priority traffic cells associated with a common 
destination drop is less lhan or equal to the maximum 
drop data rate for that destination drop minus Ibe sum 
of the total output data rate of all buffers containing 
high-priority traffic cells associated with that destina- 
tion drop and the total output data rate of all buffers 
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containing broadcast-priority traffic cells associated 
with the broadcast channels associated with that desti- 
nation drop. 

8. A method according to claim 7, wherein the traffic cells 
are asynchronous transfer mode (ATM) cells each having a 5 
header, wherein the traffic priority associated with a traffic 
cell is encoded in the header of said cell, wherein the 
destination drop associated with a high-priority or low- 
priority traffic cell is encoded in the header of said high- 
priority or low-priority traffic cell, wherein the broadcast 
channel associated with a broadcast-priority traffic cell is 
encoded in the header of said broadcast-priority traffic cell. 

9. A method according to claim 7, wherein the total output 
data rate of all buffers containing low-priority traffic cells 
associated with a common destination drop is distributed 
substantially equally among said buffers. 15 

10. In an access system comprising a host digital terminal 
(HDT) connected by optical fiber to a plurality of optical 
network units (ONUs), each ONU being connected to a 
respective plurality of subscribers by a respective plurality 

of subscriber drops, a traffic shaper for transmitting an 20 
output stream of traffic cells from the HDT to the 
subscribers, the traffic shaper comprising: 

control means for determining the bandwidth available on 

the fiber and on the subscriber drops; and 
remapping means for controllably reordering and releas- 
ing an input stream of traffic cells in accordance with 
the bandwidth available on the fiber and on the sub- 
scriber drops, thereby to form the output stream of 
traffic cells. 30 

11. A traffic shaper according to claim 10, wherein the 
control means is a control processor, and wherein the 
remapping means comprises a random access memory 
(RAM) for temporarily storing the traffic cells in the input 
stream and retrieving the traffic cells in an order and at a rate 
controlled by the control processor. 

12. A traffic shaper according to claim 10, wherein the 
traffic cells are asynchronous transfer mode (ATM) cells. 

13. A traffic shaper according to claim 10, wherein each 
traffic cell is associated with either high-priority or low- 4Q 
priority traffic, wherein the control means is a control 
processor, and wherein the remapping means comprises: 

means for separating traffic cells in the input stream of 
traffic cells according to traffic priority, thereby to 
produce a stream of high-priority traffic cells and a 45 
stream of low-priority traffic cells; 

means for controllably reordering and releasing the traffic 
cells in the stream of high-priority traffic cells, thereby 
to produce an ordered stream of high-priority traffic 
cells; 50 

means for controllably reordering and releasing the traffic 
cells in the stream of low -priority traffic cells, thereby 
to produce an ordered stream of low-priority traffic 
cells; and 

means for combining the ordered stream of high-priority 55 
traffic cells and the ordered stream of low-priority 
traffic cells, thereby to produce the output stream of 
traffic cells. 

14. A traffic shaper according to claim 13, wherein the 
traffic cells are asynchronous transfer mode (ATM) cells 60 
each having a header, wherein the traffic priority associated 
with a traffic cell is encoded in the header of said cell. 

15. A traffic shaper according to claim 10, wherein each 
traffic cell is associated wiih either high-priority or low- 
priority traffic and with a destination drop from among the 65 
subscriber drops, wherein the control means is a control 
processor, and wherein the remapping means comprises: 
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means for separating traffic cells in the input stream of 
traffic cells according to traffic priority, thereby to 
produce a stream of high-priority traffic cells and a 
stream of low-priority traffic cells; 

means for separating the traffic cells in the stream of 
high-priority traffic cells according to destination drop, 
thereby to produce a plurality of drop-specific streams 
of high-priority traffic cells; 

a first plurality of buffers for temporarily storing and 
controllably releasing the plurality of drop-specific 
streams of high-priority traffic cells, thereby to produce 
a respective plurality of paced drop-specific streams of 
high-priority traffic cells; 

means for combining the paced drop-specific streams of 
high-priority traffic cells, thereby to produce an ordered 
stream of high-priority traffic cells; 

means for separating the traffic cells in the stream of 
low-priority traffic cells according to destination drop, 
thereby to produce a plurality of drop-specific streams 
of low-priority traffic cells; 

a second plurality of buffers for temporarily storing and 
controllably releasing the plurality of drop-specific 
streams of low-priority traffic cells, thereby to produce 
a respective plurality of paced drop-specific streams of 
low-priority traffic cells; 

means for combining the paced drop-specific streams of 
low-priority traffic cells, thereby to produce an ordered 
stream of low-priority traffic cells; 

means for combining the ordered stream of high-priority 
traffic cells with the ordered stream of low-priority 
traffic cells, thereby to produce the output stream of 
traffic cells. 

16. A traffic shaper according to claim 15, wherein the 
traffic cells are asynchronous transfer mode (ATM) cells 
each having a header, wherein the traffic priority associated 
with a traffic cell is encoded in the header of said , cell, 
wherein the destination drop associated with a high-priority 
or low-priority traffic cell is encoded in the header of said 
high-priority or low-priority traffic cell. 

17. A traffic shaper according to claim 15, wherein the 
total output data rate of all buffers containing low-priority 
traffic cells associated with a common destination drop is 
distributed substantially equally among said buffers. 

18. A traffic shaper according to claim 10, wherein each 
traffic cell is associated with one of broadcast-priority, 
high-priority or low-priority traffic, wherein the control 
means is a control processor, and wherein the remapping 
means comprises: 

means for separating traffic cells in the input stream of 
traffic cells according to priority, thereby to produce a 
stream of broadcast-priority traffic cells, a stream of 
high-priority traffic cells and a stream of low-priority 
traffic cells; 

means for controllably reordering and releasing the traffic 
cells in the stream of broadcast-priority traffic cells, 
thereby to produce an ordered stream of broadcast- 
priority traffic cells; 

means for controllably reordering and releasing the traffic 
cells in the stream of high-priority traffic cells, thereby 
to produce an ordered stream of high-priority traffic 
cells; 

means for controllably reordering and releasing the traffic 
cells in the stream of low-priority traffic cells, thereby 
to produce an ordered stream of low-priority traffic 
cells; and 
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means for combining the ordered stream of broadcast- 
priority traffic cells, the ordered stream of high-priority 
traffic cells and the ordered stream of low-priority 
traffic cells, thereby to produce the output stream of 
traffic cells. 

19. A traffic shaper according to claim 18, wherein the 
traffic cells are asynchronous transfer mode (ATM) cells 
each having a header, wherein the traffic priority associated 
with a traffic cell is encoded in the header of said cell. 

20. A traffic shaper according to claim 10, wherein each 
traffic cell is associated with one of broadcast-priority, 
high-priority or low-priority traffic, wherein each high- 
priority or low-priority traffic cell is further associated with 
a destination drop from among the subscriber drops, wherein 
each broadcast-priority cell is further associated with a 
broadcast channel, wherein each subscriber drop is associ- 
ated with a controllable number of broadcast channels, 
wherein the control means controls the broadcast channels 
associated with each subscriber drop, wherein the control 
means is a control processor, and wherein the remapping 
means comprises: 

means for separating traffic cells in the input stream of 
traffic cells according to priority, thereby to produce a 
stream of broadcast-priority traffic cells, a stream of 
high-priority traffic cells and a stream of low-priority 
traffic cells; 

means for separating the traffic cells in the stream of 
broadcast-priority traffic cells according to broadcast 
channel, thereby to produce a plurality of channel- 
specific streams of broadcast-priority traffic cells; 

a first plurality of buffers for temporarily storing and 
controllably releasing the plurality of channel-specific 
streams of broadcast-priority traffic cells, thereby to 
produce a respective plurality of paced channel-specific 
streams of broadcast-priority traffic cells; 

means for combining the paced channel-specific streams 
of broadcast-priority traffic cells, thereby to produce an 
ordered stream of broadcast-priority traffic cells; 

means for separating the traffic cells in the stream of 
high-priority traffic cells according to destination drop, 
thereby to produce a plurality of drop-specific streams 
of high-priority traffic cells; 

a second plurality of buffers for temporarily storing and 
controllably releasing the plurality of drop-specific 
streams of high-priority traffic cells, thereby to produce 
a respective plurality of paced drop-specific streams of 
high-priority traffic cells; 

means for combining the paced drop-specific streams of 
high-priority traffic cells, thereby to produce an ordered 
stream of high-priority traffic cells; 

means for separating the traffic cells in the stream of 
low-priority traffic cells according to destination drop, 
thereby to produce a plurality of drop-specific streams 
of low-priority traffic cells; 

a third plurality of buffers for temporarily storing and 
controllably releasing the plurality of drop-specific 
streams of low-priority traffic cells, thereby to produce 
a respective plurality of paced drop-specific streams of 
low-priority traffic cells; 

means for combining the paced drop-specific streams of 
low-priority traffic cells, thereby to produce an ordered 
stream of low-priority traffic cells; and 

means for combining the ordered stream of broadcast- 
priority traffic cells, the ordered stream of high-priority 
traffic cells and the ordered stream of low-priority 
traffic cells, thereby to produce the output stream of 
traffic cells. 
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21. A traffic shaper according to claim 20, wherein the 
traffic cells are asynchronous transfer mode (ATM) cells 
each having a header, wherein the traffic priority associated 
with a traffic cell is encoded in the header of said cell, 

5 wherein the destination drop associated with a high-priority 
or low-priority traffic cell is encoded in the header of said 
high-priority or low-priority traffic cell, wherein the broad- 
cast channel associated with a broadcast-priority traffic cell 
is encoded in the header of said broadcast -priority traffic 

10 cell. 

22. A traffic shaper according to claim 20, wherein the 
total output data rate of all buffers containing low-priority 
traffic cells associated with a common destination drop is 
distributed substantially equally among said buffers. 

is 23. A traffic shaper according to claim 10, wherein each 
traffic cell is associated with one of broadcast -priority, 
high-priority or low-priority traffic, wherein each low- 
priority traffic cell is further associated with a destination 
drop from among the subscriber drops and with a service 
20 being delivered to that destination drop, wherein multiple 
services can be associated with an identical destination drop, 
wherein each high-priority traffic cell is further associated 
with a destination drop from among the subscriber drops, 
wherein each broadcast-priority cell is further associated 
25 with a broadcast channel, wherein each subscriber drop is 
associated with a controllable number of broadcast channels, 
wherein the control means controls the broadcast channels 
associated with each subscriber drop, wherein the control 
means is a control processor, and wherein the remapping 
30 means comprises: 

means for separating traffic cells in the input stream of 
traffic cells according to priority, thereby to produce a 
stream of broadcast-priority traffic cells, a stream of 
high-priority traffic cells and a stream of low-priority 
35 traffic cells; 

means for separating the traffic cells in the stream of 
broadcast-priority traffic cells according to broadcast 
channel, thereby to produce a plurality of channel- 
specific streams of broadcast-priority traffic cells; 
40 a first plurality of buffers for temporarily storing and 
controllably releasing the plurality of channel-specific 
streams of broadcast-priority traffic cells, thereby to 
produce a respective plurality of paced channel-specific 
streams of broadcast-priority traffic cells; 
means for combining the paced channel -specific streams 
of broadcast-priority traffic cells, thereby to produce an 
ordered stream of broadcast-priority traffic cells; 
means for separating the traffic cells in the stream of 
50 high-priority traffic cells according to destination drop, 
thereby to produce a plurality of drop-specific streams 
of high-priority traffic cells; 
a second plurality of buffers for temporarily storing and 
controllably releasing the plurality of drop-specific 
55 streams of high-priority traffic cells, thereby to produce 
a respective plurality of paced drop-specific streams of 
high-priority traffic cells; 
means for combining the paced drop-specific streams of 
high-priority traffic cells, thereby to produce an ordered 
60 stream of high-priority traffic cells; 

means for separating the traffic cells in the stream of 
low-priority traffic cells according to service and des- 
tination drop, thereby to produce a plurality of indi- 
vidual streams of low-priority traffic cells; 
65 a third plurality of buffers for temporarily storing and 
making available the plurality of individual streams of 
low-priority traffic cells, thereby to produce a respec- 
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live plurality of delayed service -specific streams of 

low-priority traffic cells; 
means for combining the delayed individual streams of 

low-priority traffic cells according to destination drop, 

thereby to produce a plurality of drop-specific streams 

of low-priority traffic cells; 
means for temporarily storing and conlrollably releasing 

the plurality of drop-specific streams of low-priority 

traffic cells, thereby to produce a plurality of paced 

drop-specific streams of low-priority traffic cells; 
means for combining the paced drop-specific streams of 

low-priority traffic cells, thereby to produce an ordered 

stream of low-priority traffic cells; 
means for temporarily storing and conlrollably releasing 

the ordered streams of low-priority traffic cells, thereby 

to produce a paced and ordered stream of low-priority 

traffic cells; 

means for combining the ordered stream of broadcast- 
priority traffic cells, the ordered stream of high-priority 
traffic cells and the paced and ordered stream of low- 
priority traffic cells, thereby to produce the output 
stream of traffic cells. 

24. A host digital terminal, comprising; 

a first plurality of optoelectronic converters for exchang- 
ing upstream and downstream traffic cells with a core 
network via optical fiber; 

a digital switch matrix connected to the first plurality of 
optoelectronic converters, for routing the upstream and 
downstream traffic cells to and from the core network 
in accordance with a controllable routing map; 

an HDT control processor connected to the digital switch 
matrix for controlling the routing map of the digital 
switch matrix; 

a plurality of base stations for formatting the downstream 
traffic cells into downstream subframes comprising a 
control channel containing control information and a 
traffic channel containing the downstream traffic cells, 
and for formatting upstream subframes received from 
the ONUs into upstream traffic cells; 

a second plurality of optoelectronic converters for 
exchanging subframes with the. ONUs; and 

a traffic shaper connected between the digital switch 
matrix and the second plurality of optoelectronic 
converters, for controlling the transmission of down- 
stream traffic cells, the traffic shaper comprising control 
means for determining the bandwidth available on the 
fiber and on the subscriber drops, and remapping means 
for conlrollably reordering and releasing an input 
stream of downstream traffic cells received from the 
digital switch matrix in accordance with the bandwidth 
available on the fiber and on the subscriber drops, 
thereby to form an output stream of downstream traffic 
cells delivered to a corresponding one of the second 
plurality of base stations. 

25. An HDT according to claim 24, wherein the control 
means is a traffic shaping control processor, and wherein the 
remapping means comprises a random access memory 
(RAM) for temporarily storing the traffic cells in the input 
stream and retrieving the traffic cells in an order and at a rate 
controlled by the traffic shaping control processor. 

26. An HDT according to claim 24, wherein each traffic 
cell is associated with either high-priority or low-priority 
traffic, wherein the control means is a traffic shaping control 
processor, and wherein the remapping means comprises: 

means for separating traffic cells in the input stream 
according to traffic priority, thereby to produce a stream 
of high-priority traffic cells and a stream of low-priority 
traffic cells; 
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means for conlrollably reordering and releasing the traffic 
cells in the stream of high-priority traffic cells, thereby 
to produce an ordered stream of high-priority traffic 
cells; 

means for controllably reordering and releasing the traffic 
cells in the stream of low-priority traffic cells, thereby 
to produce an ordered stream of low-priority traffic 
cells; and 

means for combining the ordered stream of high-priority 
traffic cells and the ordered stream of low-priority 
traffic cells, thereby to produce the output stream. 

27. An HDT according to claim 24, wherein each traffic 
cell is associated with either high-priority or low-priority 
traffic and with a destination drop from among the subscriber 
drops, wherein the control means is a traffic shaping control 
processor, and wherein the remapping means comprises: 

means for separating traffic cells in the input stream 
according to traffic priority, thereby to produce a stream 
of high-priority traffic cells and a stream of low-priority 
traffic cells; 

means for separating the traffic cells in the stream of 
high-priority traffic cells according to destination drop, 
thereby to produce a plurality of drop-specific streams 
of high-priority traffic cells; 

a first plurality of buffers for temporarily storing and 
controllably releasing the plurality of drop-specific 
streams of high-priority traffic cells, thereby to produce 
a respective plurality of paced drop-specific streams of 
high-priority traffic cells; 

means for combining the paced drop-specific streams of 
high-priority traffic cells, thereby to produce an ordered 
stream of high-priority traffic cells; 

means for separating the traffic cells in the stream of 
low-priority traffic cells according to destination drop, 
thereby to produce a plurality of drop-specific streams 
of low-priority traffic cells; 

a second plurality of buffers for temporarily storing and 
controllably releasing the plurality of drop-specific 
streams of low-priority traffic cells, thereby to produce 
a respective plurality of paced drop-specific streams of 
low-priority traffic cells; 

means for combining the paced drop -specific streams of 
low -priority traffic cells, thereby to produce an ordered 
stream of low-priority traffic cells; 

means for combining the ordered stream of high-priority 
traffic cells with the ordered stream of low-priority 
traffic cells, thereby to produce the output stream. 

28. An HDT according to claim 24, wherein each traffic 
cell is associated with one of broadcast-priority, high- 
priority or low-priority traffic, wherein the control means is 
a traffic shaping control processor, and wherein the remap- 
ping means comprises: 

means for separating traffic cells in the input stream 
according to priority, thereby to produce a stream of 
broadcast -priority traffic cells, a stream of high-priority 
traffic cells and a stream of low-priority traffic cells; 

means for conlrollably reordering and releasing the traffic 
cells in the stream of broadcast -priority traffic cells, 
thereby to produce an ordered stream of broadcast- 
priority traffic cells; 

means for controllably reordering and releasing the traffic 
cells in the stream of high-priority traffic cells, thereby 
to produce an ordered stream of high-priority traffic 
cells; 

means for controllably reordering and releasing the traffic 
cells in the stream of low-priority traffic cells, thereby 
to produce an ordered stream of low-priority traffic 
cells; and 
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means for combining the ordered stream of broadcast- 
priority traffic cells, the ordered stream of high-priority 
traffic cells and the ordered stream of low-priority 
traffic cells, thereby to produce the output stream. 

29. An HDT according to claim 24, wherein each traffic 5 
cell is associated with one of broadcast-priority, high- 
priority or low-priority traffic, wherein each high-priority or 
low-priority traffic cell is further associated with a destina- 
tion drop from among the subscriber drops, wherein each 
broadcast -priority cell is further associated with a broadcast 10 
channel, wherein each subscriber drop is associated with a 
controllable number of broadcast channels, wherein the 
control means controls the broadcast channels associated 
with each subscriber drop, wherein the control means is a 
traffic shaping control processor, and wherein the remapping 15 
means comprises: 

means for separating traffic cells in the input stream 
according to priority, thereby to produce a stream of 
broadcast-priority traffic cells, a stream of high-priority 
traffic cells and a stream of low-priority traffic cells; 20 

means for separating the traffic cells in the stream of 
broadcast-priority traffic cells according to broadcast 
channel, thereby to produce a plurality of channel- 
specific streams of broadcast-priority traffic cells; 

a first plurality of buffers for temporarily storing and 2 ? 
controllably releasing the plurality of channel-specific 
streams of broadcast-priority traffic cells, thereby to 
produce a respective plurality of paced channel -specific 
streams of broadcast-priority traffic cells; 

means for combining the paced channel-specific streams 30 
of broadcast-priority traffic cells, thereby to produce an 
ordered stream of broadcast-priority traffic cells; 

means for separating the traffic cells in the stream of 
high-priority traffic cells according to destination drop, 
thereby to produce a plurality Of drop-specific streams 35 
of high-priority traffic cells; 

a second plurality of buffers for temporarily storing and 
controllably releasing the plurality of drop-specific 
streams of high-priority traffic cells, thereby to produce ^ 
a respective plurality of paced drop-specific streams of 
high-priority traffic cells; 

means for combining the paced drop-specific streams of 
high-priority traffic cells, thereby to produce an ordered 
stream of high-priority traffic cells; 45 

means for separating the traffic cells in the stream of 
low-priority traffic cells according to destination drop, 
thereby to produce a plurality of drop-specific streams 
of low-priority traffic cells; 

a third plurality of buffers for temporarily storing and 50 
controllably releasing the plurality of drop-specific 
streams of low-priority traffic cells, thereby to produce 
a respective plurality of paced drop-specific streams of 
low-priority traffic cells; 

means for combining the paced drop-specific streams of 55 
low-priority traffic cells, thereby to produce an ordered 
stream of low-priority traffic cells; and 

means for combining the ordered stream of broadcast- 
priority traffic cells, the ordered stream of high-priority 
traffic cells and the ordered stream of low-priority 60 
traffic cells, thereby to produce the output stream. 

30. An HDT according to claim 25, wherein the HDT 
control processor and traffic shaping control processor are 
identical. 

31. An HDT according to claim 26, wherein the HDT 65 
control processor and traffic shaping control processor are 
identical. 
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32. An HDT according to claim 27, wherein the HDT 
control processor and traffic shaping control processor are 
identical. 

33. An HDT according to claim 28, wherein the HDT 
control processor and traffic shaping control processor are 
identical. 

34. An HDT according to claim 29, wherein the HDT 
control processor and traffic shaping control processor are 
identical. 

35. An access system comprising: 

a host digital terminal (HDT) for connection to a core 
network; and 

a plurality of optical network units (ONUs) connected by 
optical fiber to the HDT, each ONU being connectable 
to a respective plurality of subscribers by a respective 
plurality of subscriber drops; 

wherein the HDT comprises a traffic shaper for transmit- 
ting an output data stream from the HDT to the 
subscribers, the traffic shaper comprising control means 
for determining the bandwidth available on the fiber 
and on the subscriber drops; and remapping means for 
controllably reordering and releasing an input stream of 
traffic cells in accordance with the bandwidth available 
on the fiber and on the subscriber drops, thereby to 
form the output data stream. 

36. An access system, comprising: 

a plurality of optical network units (ONUs), each ONU 
being connectable to a respective plurality of subscrib- 
ers by a respective plurality of subscriber drops; and 

a host digital terminal (HDT) connected by optical fiber to 
the ONUs and being connectable to a core network, for 
relaying downstream data from the core network to the 
ONUs and for relaying upstream data from the ONUs 
to the core network; 

wherein the HDT comprises a first plurality of optoelec- 
tronic converters for exchanging upstream and down- 
stream traffic cells with a core network via optical fiber; 
a digital switch matrix connected to the first plurality of 
optoelectronic converters, for routing the upstream and 
downstream traffic cells to and from the core network 
in accordance with a controllable routing map; an HDT 
control processor connected to the digital switch matrix 
for controlling the routing map of the digital switch 
matrix; a plurality of base stations for formatting the 
downstream traffic cells into downstream subframes 
comprising a control channel containing control infor- 
mation and a traffic channel containing the downstream 
traffic cells, and for formatting upstream subframes 
received from the ONUs into upstream traffic cells; a 
second plurality of optoelectronic converters for 
exchanging subframes with the ONUs; and a traffic 
shaper connected between the digital switch matrix and 
the second plurality of optoelectronic converters, for 
controlling the transmission of downstream traffic cells, 
the traffic shaper comprising control means for deter- 
mining the bandwidth available on the fiber and on the 
subscriber drops, and remapping means for controlla- 
bly reordering and releasing an input stream of down- 
stream traffic cells received from the digital switch 
matrix in accordance with the bandwidth available on 
the fiber and on the subscriber drops, thereby to form 
an output stream of downstream traffic cells delivered 
to a corresponding one of the second plurality of base 
stations; and 

wherein each ONU comprises an optoelectronic converter 
connected to the optical fiber joining that ONU to the 
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HDT; an out station connected to the optoelectronic 
converter for formatting the downstream subframes 
arriving from the HDT into a stream of intermittent 
downstream traffic cells and for formatting a stream of 
upstream traffic cells arriving from the corresponding 5 
subscriber drops into upstream subframes; a demulti- 
plexer connected to the out station means for determin- 
ing which drop among the subscriber drops connected 
to that ONU each downstream traffic cell is deslined 
for; a plurality of line cards connected to the 10 
demultiplexer, each line card comprising a downstream 
buffer for temporarily storing the downstream traffic 
cells arriving from the HDT, interface means for inter- 
facing to the associated subscriber drop, an upstream 
buffer for storing the upstream traffic cells arriving is 
from the subscriber drop; a multiplexer connected to 
the line cards, for combining the traffic cells arriving on 
each of the line cards into the stream of upstream traffic 
cells; and a anti-jitter buffer having a corresponding 
length connected between the multiplexer and the out 
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station for temporarily storing the stream of upstream 
traffic cells prior tp transmission by the ONU. 

37. An access system according to claim 36, wherein the 
ONU further comprises an ONU control processor con- 
nected to the out station and to the demultiplexer; wherein 
the demultiplexer in the ONU has a mapping that is modi- 
fiable by the ONU control processor; wherein the instant of 
transmission of upstream subframes by the ONU is control- 
lable by the ONU control processor; wherein the ONU 
control processor is controllable by control information 
present in the control channel of downstream subframes 
received from the HDT. 

38. An access system according to claim 37, wherein each 
line card comprises a queue control block connected to its 
upstream buffer and connected to the ONU control processor 
in the associated ONU, for notifying the ONU control 
processor as to the level to which its upstream buffer is full. 

***** 
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